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Usati. 



NoTWmrsTASDiNO that during the latter part of the year 1879 thern 
seemed to be aoinc prospect of renewed prosperity in the coal trade, it is 
mneb to be regretted thiit the hui^es then entertained were speedily disai- 
piited. It is true that prices have since ruled a fraction higher in the 
North of England, but even tliis amiill increase haa not extended into 
other districts. While this continued depression of the trade, which more 
particularly interests the Slembere of the Institute, oontinues, it is not to 
be wondered at that the Report, which it is the duty of the Council to 



The trMialBtinn of the llepcni tnetitioiioil uti pago US wu plspeil at tbo 
lUipoeitinii of the Inititate b; Mr. Jitvas AaawoNTH. 

On page 159, par. 3, tine 9, for "nhiuh have been tnuiabited bj- Hr. 
C. G. JncVson," read " ivhicli lias bwn tramlated by the writer with tha 
co-operation <•{ Mr. C. O. Jack»on." 



auu omerwiBC eiteno iia prestige and standing. 

At no time ijidced has it been more necessary for gentlemen connected 
with miuitif; ofjerationa to cai-cfully weigh and consider all circumstancca 
landing to cause danger in the working of minerals, and to endeavour by 
every means iu their power to lessen their fatal influences. That accidenta 
are unfortunately in many cases iiniivoidable is but too true, but that 
much can be done to lessen their number and dimiuish their importance 
is not to be doubted, and nothing can be more conducive to this result 
than extending our researches into the nature of the circumstuneea which 
produce them, and so endeavoui' to reduce tliem as much ns possible to 
well aficertuined rules. 



(vi) 



Altliuu^rti nut Ihu diiti' L-ausc of luaa uf lilii, the pruGBuni uf gas in wul 
wurkiugB is uuqiiestionably the most alai-ming from the number of victime 
it immolates at a time. 

To arrive at a more eou elusive knowledge of the nature and extent of 

the phenomena uoiinected with the pi-essure of ga« in coal, our late Preai- 

dent, Mr. Lindaav Wood, has been induced to make a series of experiraents 

L- at Bome of his collieries, the result of which has beeu made known in a 

v{iaper oommiinicated to the members, and which will be published in the 

' next Tolumc. 

The Coinieil think that this is the most valuable addition that has been . 
uade for some years to our knowledge of the extraordinaiy power coal 
poHsewes of occluding gas at extreme pressures, and there is no doubt that 
when the records of these experiments have l»een carefnlly studied that they 
will point the way to move effeetive means of keepinjr the workings clear. 

The ex|)erimenta that have been made by the Ventilators Committee 
with a view of aHccrtaining the a-lative mciits of the various machines 
employed in producing an artificial current of air iu mines by mechanical 
means may be consideied Ui be of extreme importance, as tending to lessen 
lose of life from the presence of gas. The results of the experiments will 
Boon be before the public and will aflbrd much ralunble information. 

With regard to the proceedings generally it may be said that they are 
iJwve the usual average. Mr, D. P. Morison has summarised all that can be 
uid on the important subject of "Boiler Accidents and their Prevention," 
and ei-iitribut«d a muss of valuable statistics relating thereto. 

The subject of Safcty-liuoks liaa also been taken np by Mr. Logan, 
and most of the inveutioiia for increasing the safety of life in the shafts of 
pits have been minutely described and commented upon. 

Safety-lamps have also been treated in the same way by Mr. A. R. 
&AV--jer and Mr. James Ashworth, the latter geutlemaii contributing a 
Talnablc translation of the Ucport of the Government CommiGaion in 
Belgium. 

These iMpers all refer, more or less, to the preservation of life, but 
eeonomiu matters of considerable importance have also been the subject 
of several in tei-esting contributions. 

Tliat by Mr. Henry Aitken, " On the Extrai^tion of Oil and Ammoniacal 
Liqnors from Coking Coal in Ovens," points out a mode by which pm- 
dncta hitherto lost may be made of value; and (me by Mr. Hiithbouc, 
"On a Method of Washing Coal in tiermany," shows liow the economical 
vduc of inferior coul nuty lie considerably incrLiised. 



(vii) 

The papers by Mr. John Dagb'sh, " On an Improved Expansion (Jear 
for Winding Engines;" by Mr. Wigham Riduirdson, ** On the Strength 
of Wrought Iron in Compression;" by Mr. W.J. Bird, " On Condensation 
in Steam Pipes;" and by Mr. I). P. Morison, " On Coal-dust Exi)losion8," 
also add considerably to the value of the Transactions. 

There have been no excursions during the year, but a very interesting 
visit was made to the establishment of Messrs. Black, Hawthorn, and Co., 
at Gateshead, who were kind enough to exhibit the many important 
engineering works in course oJ' construction by them, and also their 
tramway locomotive, under steam. 
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The Finance Committee have to report that the receipts from all sources 
for the past year have been £1,942 lis. .Sd., being £196 Os. 7d. less 
than last year, when they amount<?d to £2,138 lis. lOd. This falling ofiF 
has been chiefly due to the difference in the sales of publications, which 
amounted last year to £166 13s. 9d., and this year only to £53 7s. 9d., 
making a difference of £113 6s. 

The Members' subscriptions amounted to £1,626 10s. as against 
£1,709 lOs., showing a decrease of £83. 

The expenditure has been £1,618 14s. 9d. as against £2,080 4s. lOd. 
last year, the excess of income over expenditure being £323 16s. 6d. 

The Institute continues to hold 134 shares in the Institute and Coal 
Trade Chambers Company, Limited, to the amount of £2,680. 
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ADVERTISEMENT. 



The Institute is not, as a body, responsible for the facts and opinions 
advanced in the Papers read, and in the Abstracts of the Conversations 
which occurred at the Meetings during the Session. 
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J. O. JOICEF, Eiq.. Forth Banks Wut Fuctor;, Newciatle-on-Tjne. 

Piior. G. A. LEBOUR, M.A., F.G.S.. Colleffa of Physical Science, Newcartlo-oi 

GEO. HAY. Esq., Hkrton Ci>Uiery OSces, Tyne Dock*. Sooth Shields. 

D. P. MORISON, E«).. 81. Colilngwood Street. NoweMtle-on-Tyna. 

A. M. POTTER, Esq.. Shire Moor ColUery, NewcuUe-on-Tyne. 

J. T. RAMSAY, l':Bq., Walbottle Hall, Blajdon-on-Tync. 

J. G, WEEKi^, Esq., Bedlingtou Colliery, Bodliiigton. 

Sia W. G. ARMSTRONG. C.B., LL.D., F.R.S., Jesmond,"^ 

Newcutle-OQ-Tyne. . 

E. P. BOYD, Esq., Moor House, Fence Houses. [j.' 

SlH GEORGE ELLIOT, Bart., Houghton Hall, Fence f "^' 

HOIUKS, 

LINDSAY WOOD, Esq., SouthiU, Chester-le-Street, 
I. LOWTHIAN BELL, Esq., Rountou Grange, NorthO 
■Uertun. ( 

G. B. FORSTER, Esq., Bsckworth House, Newcastlp. C 
I on-Tjne. J 






THEO. WOOD BL'XSIKG Neville Hall. NeTcastle-oii-Tpn 



gist 0f ^tmhtn. 

AUGUST, 1880. 

Original pEmijErs. 



1,18«1 I 
2,1872 I 



1 Adams, a. F.. Guild H>U Chambtn. Cardiff Dec. 6.1873 

S Adams, W.. Cmbridge House, Park PlJice. Cardift 1864 

8 AvAMeoN, DiniBL, EiiginDcriiig Wnrkt, Uiikin<i(>1d,.n(.'aT Munchester Aug, 7. 187S 
* ADDr. W. F.. Dronfleld. ne«r Slieffldd Mij 6,1878 I 

5 Aitkin. HiMBT,FAUdrk,N.B Mar. 8, 1S6G j 

6 Almson. T., Bclmout Uiuo, Giiisbro' 

7 ASDKBaow, C. W„ Se» View. South Bhield* Aog. 81, lUB | 

8 AsDBBaoy, Wiixiam, R^iit'in Colliery, Fence Homes Aug. 2 

9 Akdhkwb. Hcou, Feltwi Park, Felton, North it mberUnd Oct. 

10 Applibi, C. B., during Croae CbamberB, Dnke Street, Adelphi, 

Loudon, W.C..,, Aug. 

11 Abchbb, T.. Daiutuu Engiue Work*, Qateiliead ... . ... Juljr 

IS AkMinoHS, Sim W. O., C.B., LL.D., F.R.S., Joimotid, Npvcastle- 

nponTyne (Paht PMK9IDKST, Jfnnier o/ ConimV) May 

18 AMtSTBOHQ. Wh., Sen., Pelaw Honw, Cluster- le- Street Aug. 21, 1862 

14 ABMBTBoyo, W., Junior, Wingato, Co. Durham fStcnitr of Couitety April 7, 1867 

15 AKiiarBO]tB.W.L.,L<riKhiWoodCollierjCo.Ld.,Aldridge,nr.WaUa]l Mar. 3,1864 
IS Abtuur, David, M. E., Accringlon, near Manchester Aug. 4, 1877 

17 AsHWOBTH. Jauh. 56, Upper Duke Street, Soutbport Feb. 6. 1876 

18 Ahhwobih. Joan, Brjn Celyn, Llaiiferi«, Mold Sept. 2, 1876 

19 AwjciTa, T. W., Seaton Delaval Colliery, Northnmberlaud Feb. 2,1867 

20 Atsivsor. J. B.. Ridley Mill, StocktHuld-on-Tyne Mar. 6, 1870 

SI Atkikmm. W. N., Shincliire HaU, Ourlwiu June 6, 18S8 

SS ACBRtr. R. C Wigan Coal & Iron Co. Ld., Standish, near Wigan ... Feb. 6, 1870 

2S ActTiBB, JoHX.CadiowCoal Co., Olugo* Nov. 4,1876 

24 Axiraufr. Wm., Dirtlej, CbiMt«r-le-Struet Mar. 3,1873 

I X Baolit, Cbai. JOBK, Teei Bridge Iron Co., Stockton June 6, 1B7S 

B bAiLU,GiORaB, HurtanColliary, Sunderland .,, Feb. 8,1877 

r Baiim, Jobn, Wingate Colliery, PorrjMll Sept. G, 1868 

* SB Bailm. T., Junior. 41. Lot^uo Place, Newcaatle-on-Tyne Om, J. I8CS 

29 BAIbn, W., Marian Colliery, SnoderUnd April 7, 1877 

80 Bailbt. O.. St. John'i ColUenr. WakeScld June 5,1869 

SI Uaiur, SAitcsL renj Ban-, IHrminttltau June 2, 18G8 



(xxi> 

S3 Run, E. DONUD, Kiwport, MonmoathahiTa Mtr. 3. 1S78 

33 BArNBKlOQB. E., Nunnerj CoUieiy Office^ Sheffield Dec. 3, 1B63 

84 Hikes, Tbouas. Leigh, near Muicheitor ... Aug, 4, 1877 

85 Uauclat, A., Calodniiu Fotnidr;, Kilmarnwk Dec. «i, 1S66 

36 BfLSEGB, Wu.. 1, St. Nicholas' Buildingi, Newcutle-oa-Tiriie . . Ang. 21, 1B52 

B7 llAiiHBe, T., Seaton DeJaval Office, Qiuy, Newcutlu-ou-Tjne .-. Oct 7, 1671 

38 Babhat, a. J., Rusboti Ciul Co., Runbou Sept, U, 1875 

89 BAiiTnoLOUEW. C, Cmitio Hill Hou«c. Eol'mf;, London, W. Aug. &, 1853 

40*BAliruOLOMEW, C. W„Bli>kti>le.v Hull, uearTowcertCT Dec. 4,1876 

41 BAsaETT, A., Tredegtir Miueral Estate Office. CanUIT 1854 

42 Batbs, Matthbw, Bewa UUI, RU>di>u.on-Tyiie Mw. 8,1878 

43 Dates, TaoMAg, HedJoii, Wflam, NorthamberUnd Mar. 3,1873 

44 Batm, W. J., Old AiweU, WTiickluim, 0»teJilM»d.on.T)Tie Mar. 3,1873 

45 B*Tir, JoHH, Newbury Collieriea, Coleford. Batli Dec. 5, 1868 

46 BBANLAND8, A., M.A., North Bailey, Durham Mar. 7,1867 

47 BlAttuoxT, Jaues, M.E., Oughtbridge, uear SbeEBeld Nov. 7,1874 

48 Bell, I. L., Ronuton GningB, NorthaUcrtou fjfenier of Cm»a.lJ ... July 6, 18B4 

49 Bell, John (McaarL Bell Brotbcn), Middlesbro'-ou-TeM Oct. 1, 1BG7 

60 Bbli, TiiOMAB, Cro«hj Court, Northallerton Sept. 3,1870 

51 Bell. T.. Jan. (Mes»n. Bell Brother*), Middlesbro' -oil -Tees Mar. 7, 1867 

62 Bebbob, J. (}., Aceountant, Newcartle-on-Tjne ...Nov. 7,1874 

53 Brnboh. T. W., 11. Newgate Street, Nowcutle (Slinnler of CouneilJ Aug. 2, 1866 

54 BEBKLEr, C, Marley Hill Colliery, Oateabead ... (VicB-PiiKsiDBKT) Aor. 21, IBSS 

50 BbsWiCKE, Wu., South Parade, Rnchdale Sept. 11, 18T6 

66 BBWicii, T. J., M. Iiist. C.E., F.O.S., Haydon Bridge, NortliarabBrUnd 

(Vi OK- Pubs 10 Birr) April B, 1860 

67 Bidsbb, B. p., c/o C. J. Ryland, 3, Small Street, Bristol May 2, 1867 

68 BlOLAiru. J„ Bedford Lodge, Biahop Auckland June 4, 18&7 

69 BiHSB, C, ClaycroM, Derbyiliire. ... ... ... July 6,1854 

60 BiaA^, B., Peawley Ctom Collieries, St. Hvleli't, tAucosliire ... 185fi 

61 Black, Jahes. Jun., J'ortobello Foundry. SundKrlatid 8ept. 2,1871 

62 Black, W., Hedworth Villa, Sooth Shields April 2, 1870 

63 BoLAU, U. G.. Little Itigeatre, Stafford Mar. 6,1876 

S4 BotTUM, H. H., Newehurch CoIHeriei, near Maiiclietter Dec. B, 1868 

65 Boot, J. T., M.H:., West6eld House, Sutton, near Manafiuld April 1,1671 

66 Booth, R. L., Ashingtou Colliery, near Morpeth 1864 

67 BoBBiEe.THEo., LanibitrdStreet,QuBy, NewGutle-on-Tyne Aprilll,1874 

68 BofuNE, Petek, 39, Kodiiey Stnwt, Liverpool 1854 

69 Bot:MKB,TH08. W., Bro«eley, Salop Sept. 11, IHTB 

70 BolD, E. F., Moor Moose, Fence Huuset (PAST Pbrb., Mtm. ofCMneil) Aug. 21, 1662 

71 Boyd, R. F., Mnor House, Fein» Houses . .fMember of CouHcilJ Nov, B, 1869 

72 Bom, Wm., 74, Jesmond Koad, Newcastla-on-Tyne ... Feb. 2,1867 

73 BiiAD?oBD, Obo., Etherlej, Bishop Auckland Oct. 11,1873 

74 BsBceOn, J. R., Park FUce, Sunderland Sept. 3, It<64 

75 BBBrtELL, T., Mine Agent, Dudley, Worcsftenbire Nov. 3,1866 

76 BaooDBN, J. ... ... ... 1861 

77 BiioillLow, Wu., Queen's Itiiad, SiMilhiKirt, Uncasbin; Sfpl. :i, 187G 



k 



(xiii) 

?S BuowM, E., 79. Clajtou Stieut, Nuwisatlo'OU'Tfue Mar. 7, IS74 

79 Bbowm, Joas. The lUittbonig, 3, LoieU't Roid, Birminghsm ... Oct. 6, ISM 

SO Beowh, J. N., 56, Union PusBagc, New tjtreet, Birmingham ... 1B61 

81 Bbowh.Thoh. POBHTBH, Guild Hull Chunibera. Cardiff 1861 

68 Browke, B.C.. AaM>.M.I.C.E.,No.OmiivillBKuad,Jcamond,N'caBt]e Oct. 1,1870 

tl8 BBCToli,W.,Wliitwood.Normiiutuii,Streetlioiue Colls., Di.Normiint«n Feb. 6, 1B69 

34 Bbtbah. WitLUB, RosebridgE Colliery, Wigan Aug. 1, 1S6I 

85 BuriiAit, W., Jun.. DougUu Bank Collieries, Wigun ,, . , Au^;. 3, 1B66 

86 BoitiiiHo, Thko. Wood, NeviUe H»ll, Newca»tli!-on-Tvne 

fSecrelarif and Trtaturer) IS64 

B7*Bi7iiirH, Davip, C.B., Brooksidc, Hsltwliistle ..May 5,1877 

88 BlTRROWB. Jamis, I>oiigliu Bank, Wigan, Lancashire.. Ma; 2, 1867 

89 BDBBOW8, J. S., Howe Bridge, Atherton, near Mauchcter Oct. 11, 1873 



90 Caujwbli, Geosqb. Mimh Hall Colliery, near Wigan 

91 (.'ABPaBLt, W. B.. Coiisnlting Engineer, Grey Street, Nowcaitlo 

98 Ca8B, Wm. Cocuran, Suntb Bviiwcll, ffevrcastle-ou-Tj-ne 

S9 Cabsimotom, T., Jmi., Endclilfe Courts Sheffield 

94 Catbok, J.. Brotton Hall, Salttmrn-b;-the-ISca 

96 ChAdbObk. B. T., KniUiD Collieries, AUreton, Uerbjaliire 

BB ClUMBBRS, A. M.. Tliorncliffe Iron Works, near Sheffield 

97 Chafhas, M., Plaahetti Collier;, NurtbumberUuil ... 

9B Charlto;(, F., C.E., Moot Hall, NewcMllBon-Tyne 

SS Ckabl'TON, Giobqk, Wa«hingtuii Colliery, Co. Durliain 

100 CHBCE1.RF, TflOKAB, M.H:., Lichfleld Street, Walull 

101 Chkb«iia:>, 1., Thniekley Collivry, Newcutla-on-Tyiie 

102 CHKKtiMAir, W. T., Wire Bope Munnfacturer, Hartlepool 

103 ClllLul, RowLARD, WakeHeld. Yorkahire 

10* CUBIMCB, ThOHAB, EUwick Colliery, Nowciuille-on.Tyno 

106 CwBiK. C. P., Owiwood Co»l and Irou Co., near Wigan 

106 Clabk, G.. Slukeipeare Buildings Uiuiley, Staffordjihire 

107 Clabv, G., Jan., Soathwick Engine Worki, Sunderland 

loa Clark, R. B., HaiUy Hill, near Oatnhaid 

109 Clabk, W., M.E., The Grange, Tevemll, near Maiiafleld 

110 Clakeb, WiLUAM, Victuria Engine Worka, Uateahead 

111 CocilBAiCR, B., Aldin Grange, Dnrham 

112 CoCHBAXB. C, The Grange. Stourbridge 

113 CocBBAai, W.. St. John'«ChamlicT«,OrBitiger Street West, Nowcaatlo 

(Vicb-Phbsiokkt) 

lit COCEBITBK, O.. 8, Summerhill Grove. Newcaatle-on-Tyne 

116 Cdcksfbk. W., HuntdiSe Hooie, 8altburn-bj-tlie-Ses 

116 Cob, W.S., Xe*cba]>cl CoUiory, Tunatall 

117 Cole, RicHabu, Walker Colliery, near NcwcMtle-on-T,>-iie . 

118 Cole. Robbbt Hiatu, ScboLir Gnwn. Stoke- upon-Truut 

119 COLK, W. R„ Broonifield. Jc.inond. Newcaatle-on-Tyne 

120 CoLLis, W. B,, Swinfurd Huu*e, Stourbridge. Worveatvnhirc 

Ul Cook, J_ Jtin.. Wuhingtoii Iron Works Oatcihcwl 



Mar. 6,1869 
Oct, 7, 1876 
Dec. 3, 1867 
Aug. 1,1861 
Nov. 3, 1866 
l&U 
Mar. 6,1869 
Aug. 1, 186S 
Sept. 8,1871 
Feb. 6. 1875 
Ang. 7, 1869 
Feb. 1, 1873 
Feb. 6. 1876 
May 15. 186S 
Dec. 4.187S 
Aug. 2,1886 
\hx. 7,1867 
Dec. 6,1878 
May S. 187a 
April 7,1866 
Dee. 7,1867 
Dec. 6, 1866 
Jane 3, 1867 

1859 
Dec. 6, 1866 
Out. 1, 1859 
Feb. 6, 1876 
April 5, 1873 
Feb. 6, 1876 



' 8,1869 

J 



1S2 CoaxM, JoBX, Luiglej Old Hall, ne&r Durliam 

123 CoijKBNT, JosBPH, Woat Broinwjcb, SUIfurdshiro 

12-1 COOPSB. P., Thoruley Colliery Olfico, Ferryhill 

125 CooPEit,R. E.,C.E.,l,WestminitorC1mTBber>,VicitOTiB Street, Londuti 

126 CooFBR, T., llowhiU, Itottierbsm, Yorlmliire 

137 CoFi, J.4MB9, Port Vale, hnngpart, 8t«fford>hire 

128 CoBBWT, V. W., Senton Hou«e, Sealmm Hnrbour fMn». of ComteilJ 

129 CoBBlTT, M., Wire Ri)pe HanitfitctDrer, Tnuna, Oateshewl 

130 CoFLBOH, F., 10, Victoria Tprni<* Dnrlimn 

131 CoiuoN, W., 32. CnMsgate, Durliam 

132 CowEN, Jog., M.P., Blaydon Hnm, Ncwcaiitle.nn-Tyne 

133 CowKT. John, Wennnouth Collierv. Sunderland 

134 CoWLlssAW, J., Tliarndiffe, Ac, Collierica, uear Slieflield 

135 Cox, John H., 10, St. Oeurge's Square, SuiiderUnd 

136"CoxB, E. B.. Drifton, Joddo, P. 0. Lawme Co., PoiinB., V.S. 

137 CoxoK. HB.vEr, Quay, Nowautle-on-Tyne 

13S CoxoN, S. B., Uaworth Colliery, Washington Station, Co. Durbam ... 
139 CiMia, W. v.. Palace Chamben, St. Stephen's, Weatmintter, Loudon 
I'lO CsAWFOBD, T., Litttetown Colliery, near Durhaui 

141 Chawfobd, T., 3, Gnuuiem Street, Oateitlivad-on-Tyne 

142 Cbawtobp, T., Jun. Littlctown Colliery, near Durhnm 

143 Cbaifshay, E., Oateahead-an-Tyne 

144 CbawhhAy, a., Oaleabead-on-Tyne 

145 Cboitoii, J. 0., E»h Colliery, Durham 

146 Crone, E. W., Killingworth Hall, nur Newcutle-Qii-Tyiie 

147 Cbonb, J. R., Tow Law, oia Darlington Feb. 1,1888 

148 Cbonb, S. C, KillingWDrth Colliery, Newcaatla 1868 

149 Cbobb, Joss, 78, CruM Street, Manche«ter June 5,1869 

150 CuocTDACB, C. J., The Laureli, Newton, by CheBter Nor. 2,1872 

151 CBorDACR, John, West House, Haltu'liiHtle Jane 7,1873 

162 Cboudacb, Thoiub. Lambton Lodge, New South Wales 1862 



Nov. 


1.1860 


Aug. 


8,1885 


Dec. 


3,1857 


Uur. 


4, 1871 


April 


2,1863 


Oct. 


6. 1872 


Sojrt 


3. 1870 


Dec. 


4. 187S 


Aug. 


1,1868 


Oct. 


1,1858 


Oct. 


5.1864 


Nov. 


2. 1873 


Har. 


7.1867 


F^b. 


6. 1875 


Feb. 


I. 1873 


tkyt. 


2. 1871 


jQue 


6. 1BS6 


Nov. 


3,1866 


Aug. 


21.186a 


Sept 


3,1861 


Aug. 


7.1869 


Dec. 


4,1869 


Dec. 


4,1869 


Feb. 


7, 1861 


Mir. 


6, 1870 



163 DAOLiga, Jons, Maraden, South Shield* f Member of CouneilJ Aug. 21, 1852 

164 Daqiibh, W. 8., SolLuitor. Newcaatle-on-Tyne July 2, 1872 

166 Daksm, J., Cbilton CoUiery, Ferryhill April 11, 1874 

156 Dale, Daod, West Lodge, Darlington Feb. 5, 1970 

167 D'ANDRtMOKT, T., Li^ge, Belgium ,.. Sept. 3, 1870 

158 Daniel, W., 37, Camp Road, Leeds ,. June 4,1870 

169 Dablihs, Fbnwicb, South Durham Colliery, Darlington Nov. 6, 1876 

160 Dablinotok, Joh!i. 2. Coleman Street Buildings, Moorgat« Street. 

Great Swan Alley, I^mdon ,, ... ... April 1,1866 

161 Dablinoton, J., Black Parlt Colliery Co. Limited, Ruabon ... ... Kov. 7, 1874 

162 Datby. Hbnbt, C.E., Leeds Oct. 11, I87S 

163 Datib, David, Coal Owner, MaesjiTynon, Abcnkre Nov. 7.1874 

164 DAT, W. H., Everaley Garth, So. ^lilford Mar. 6, 1869 

166 Dbbb, B. R., SoUcitor, Ncwcastle-on-TynB Oct. 7, 1871 

166 DicaiNBOH, G. T., 14, Clsremont Place, Newca«tle-on-Tyne July 2, 1872 




(XJ 



V) 



1C7 Dickinson, R., Coal Owner. SboUej Bridge, C". Durliam 

168 DuoK, I>, W„ Brotl«n Minos, S»ltbiini-hy-th(!-8(i« 

169 Dtxow, NiCB, Dndley Colliery, Dudley, Nortlmmbcrlnud ... 

170 Dixois, tt.. Wire Rope SUiinfacturer, Temns, Gateshead 

171 DoDD, B., Bearparli ColUerj, near DnrliHiii 

172 DODDS. J.. M.P, SU«kton-on-Tcc« 

173 Douoi-Ad, V. P., Coiuett Huiue, CaiKett, Co, Durham 

174 DufOLAS. T, Peuoa' West Collieries, Darlington (Hem. of Coxk 

175 HoCTHWAlTB, T., Merthyr Vale Colliery, Merthyr Tydvil ... 
170 DovH. G., Vie«-field, ilUiiwii, Carlisle 

177 DowDunKLi, H., Katterknowle Colliery, via Dartiu^n ... 

178 Draon, Ueobob, Uiddleaborongb 

179 Dtson, O. ... 

1 BO Eabto.'i, J., Nest House, Ontesheful 

181 ECIERSLEV, Kathanixl, StAudlsh HbII, WigHIl 

183 EDDieuN, ItOBEUT W., tttMini lloagh Works, Leeds ... 

183 KL4WD, J. 8., Atcountaut, Newcastle-oji Tyne 

\Si Eluot, Sin OxoiiaiE, Bakt., HougliUm HnU, Feui^ Houses 

(Past Pebsidhnt, Meoiher of Count 
186 Klmot. W. S.. 2, St. (icorgc's Terrace, Koker, Suiideriaiid ... 

186 EuDbN, RoBKBT, 76, Manor H/mA, Upjier New Cross, Loudon 

187 EHBUmm, T. W., The Cedars, Methley, Leeds 

188 Kitei.BTOx.T. W., Joii., The Cedars, Mctlilcy, Leeds 

IHU KniNBUN, J. G., Londonderry OIBeei, Soaham Harbour 

1»0 Etbbaud. I. B., M.E., S. Millitone Laue. Uiuister 

191 FABUEk, A., So. Durham Fitting Offites, West Bartlepool ... 

192 Fauiub. Jaueb, Old Foundry, Barasley 

1S3 Fatbli, TllOHAa M., 11, SaviUe f^treet. North Shields 

191 Fkab>-, JoHH WiLKOT, Cheft^.-rBeld 

196 Fmwics, Basnabas, Team Colliery, Gateshead 

196 FsMfficK, Oboxob, Banker, Newcaitle-on-Tyue 

197 Fkhwice, Tiiokab, Eait Puiitop Colliery, by Llnti Green ... 

198 Frrinb, Robjsboh, Oswald Rail, nur Durham 

Itr9 FiDUltl, E., PUU Lane ColUery, Wigan, Lancashire 

EGO FianEK, B. C, The Wem, Ystaljfera, Swansea . . 

SOI Flbtcuxb, IIr )., Hanuteeli Colliery, near Durham 

202 Flktcher, H., Ladyshore Coll., Little Lever, Bolton, Lancashire 
£08 Flbtcbir, Jas., Manager Cooperative Collieries, WalUend, n< 

NeocasUe, Now South Wales 

VA FUTciiBH, J., Kclton Huiue, Dumfries 

S06 FuwcHBB, W.,WaterhBaii, Ambleside 

£06 FoaaiH, Wiluav, Pensher Colliery, Fence Houses 

!0r FORKKT, J., Aiuc. Init. C.E., Penti«bobin HaU, Hold, FlinUhire 
ZOff FOBSTBti, Q. B., H^, Backworth House, near Newcastle- upon-Tyne 
fUanhrr of CovHcilJ 
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(xxv> 

SOB FjBsm, J, B.. Water Cu.'i Office, N'l-n-dutU-ua-Tyne 
210 FottsTKit, J, T.. WsIJridgre Colliery, Clicilcr-lo-Strrct 
311 FoKSTEB, KlunAQD. 51, Qiiayiidc, Newcurtle-oii-Tjne 

212 Foasren, K., South Uetton, Feuce Homes 

313 VostEit, Oeobok, Oaini)ndtUi)rpe CoUierj, tiou- LoeAt... 
214 FoTHEBOiu, J., King Htreet. gimy, Nvwcutl^oiJ-Tjna 

216 Fh,vsc% FiuNciB, St.Hcleii'«CDnierjCo.Ld..St.Heleu'»,LimcB«liiro Supt. 1,1877 
£16 FuANCit, W., LdCthiiUu Miiiei, Saltburn-bj-the-Hea April 6, 1867 

217 FKANIC9, UKDitaB. Viutnria Oweaiielii, Liiiti Oreen Fob. 6,1876 

21H Fbakirk, Pbop. B. W., Leliigh Uiiivonity, Bethluliciu, Pviuu., U.S... Nov. 2. 1872 
£19 FuKNEas, H. ]}., Close Houw, IkvouaH-oitli, UuU'slifad-un-TyDo Uec. 3, X871 

230 Oallowat, R. L., Kjtoii-on-Tvne ... . Dec. 6, 1873 

221 OALiovTAT, T. Lo-osAr, M.A.. 28, Eiioi'li Sijuiiv, lll(u.f[">^ 

(Xtmhtrnf CoviicilJ S«pt. 2,1876 

222 Gkijbabd,Joh.v, Westgate, Wakefield Mar, 5,1870 

223 GiflsoH, JouN, Rjbope Colliery, near SunderUod liee. 4.1876 

224 Giu., Habui, Coiisoltiog Eu^iiccr, Newcutle-on-Tyuc Majr 2, 1674 

235 GuiBTT, F. C^ Midland KoimI, Derby July 4.1861 

226 OiLHOtrB, D., PortUnd CiilUery, Kitmarooclc ... Feb. 8,1872 

227 Oiu>iN, Edwin, 75, fiirmiiig-ham Street, Halifax, Nora Scotia ... April 5, 1873 

228 a:LSOr. O., lore HaU Colliery. Wigan. Lanciutbiro Aug, 7, 1856 

2119 GiLUor. S. B., H.E., Powell DuSryn CoUiurica, Abci'dare Svpt. G. 1868 

230 GjBua, JoRH, Southfield ViUoi. Hiddltsbro' June 7, 1873 

231 OoDniBD, F. R.. Accountont, NewtMtlB'On-Tjno Nov, 7,1874 

232 OuocR, G. H., Lintx Colliery, Bumopfleld, Gattsliead Oct. 3, 1856 

£33 Goodman, A., Walker Iron Worlu. Xewcutle-an-Tynu Se|>t. 6, 1868 

231 QoBuiiN, Jauks X., Cj'o W. Nicolnon, 6, Joffrvy'a Stguare, SL Mary 

Ale, London, E.C. Nov. 6, 1876 

235 Gbacb, K. N., Dhadko, Asseiisole, fieugal, IndU Feb. 1. 186S 

236 GiiAtiT, J. H., Dintrict Engineer. Beerhboou. Bengal. In^a Sept. 4. 1869 

237 GBEAVK3, J. O.. M.R., St. John's. Wakefield Aog. 7. 1862 

238 Gbebn, J. T., Mining Gnfpneiir, Ty Celyn, Abercam, Newport, Mon. Dec. 3. 1870 
23H Obebn, W., Jun., TUoraelly Uooie, Lint* Green (Member of CoaadlJ Feb. 4 1853 

240 Orreseh, Joiii), Oeneml Manager. Vale CoU.. Pictou. Nova Scotia ... Feb, 6, 1875 

241 Obekhbr, T., 76, Arlingford Roul. Briiton. London, S.W Aug. 3.1865 

242 GsBBNWELL, G. C. Tynemouth (Pbbsidb 

243 Gbbbnwbll. G. C, Jun., Puynton. near Stockport 

244 GliBlo, D., Lecda 

245 GBGr, C. G.. 65, Parliament Street, London 

246 Gbjbves, D., Braoeepetb Colliery, Wiilington, County Dnrhaai 

247 QniyFiTH, N. H., Wreiliam 

3-18 Gjhushaw, E. J., 23, Hardsliaw Street. St. Helen's, LAncasliIre 

249 GHlKdBiW, W, J., I, Caerletm Vilbu. Preatwich, uear Manchcalet 

250 auOt7ND, H. N., Ferry HUl, Co. Durliaui 

251 GciNOTTB, LuciBN, Directeur des Cbarbonnages de Mariemont et de 

Bascdup, Moii«, Ilelgium Sept. 2, 1371 
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(xxvi) 

rHlojii, D, H., Waanu-mtU Pitteiit Itupo Wi.rks, SunUerUnd ... Mar. 4, 1878 1 

} HAOaiB, P., Oatealiowl 1854 | 

(•HioL'B, EuxKaT. Castle Dyke, SlicHlclcl Mur. °, 1872 j 

i Haims, J. RlOHABl), Addurli!; lirucu Collicrr, near Lon^n ... Hov. 7, IBH J 

5 MxLBi, C. XerquiB Coltti^ Ncrquit, near Mold, FiinUbiro 186f J 

7 Haw. F.W„1, BsliiigtciiiTerrHci!, Jpiinoiid Kond.NtB-cuBtlo-on-Tyiie Xag. 7. 18681 

S Hall, GKitBaB. South Gnreifli'ld Colliery, Lintt Urecn M&r. 6,187(1 

9 IIiLL, M.. Lofthtniw Stitii.li Cullierie., near W*kBfi«ld Sept. 6, 1868 1 

I) Hill, M. S.. M.E., Weitertoii. uear Bithop AucliUnd Feb. 14, 18741 

1 Hall. W., Spring HiU Mines, CumbcrUiid Ciiunty, Nova Scotia ... Sopl,13, ISTaf 

2 Hall. WM^TIioniley Colliery, County Durluun Dec. i,18;tl 

3 Halt, Williak F., Huwell Colliery, Fence Huutcii Hay 13, ISGsI 

i H*N>, EDXCsn, New Tred^w ColUery. via CuMtl , Sept. E, 18681 

5 Hardottlb, W. H., Om-U CoUiery. near Wigan Dec 4, IS7B.I 

G Habdi, Jos., Proton Collier)-, North Shieldi Jane 2,18771 

7 Hahohbatis, Willuu, ItothwcU Haigh, Leeili Sept. 6, 1868 J 

% H.\BLit. RiCHAMO, Hrowney Colliery, Durhsm April 7. 1877 i 

H Uablk, WlLLlAW, Pagebauk Colliery, nmr Uarham .. .. Uct. 7.1878] 

HAKUiapN, R., KastwDod, near Xuttiiigrliam . . 1861 I 

1 IlARHiiiuN. T.. Orcat Western Cnlliery, Pontypridd, (ilaTnorganshiro Aug, 2, 1873 J 
B HAuniHO-f. T. E.. C.E., Centml SUtioti, Newi^tle-on-Tyno May 6. 1SK8 j 

3 HAnuiiwN. W. B.. BrownhilU CoUieriea, near WalauU April 6, 18071 

4 BAawiLL, U. U., 11, Sooth Preiton Temu», North Shields .. ., Mar. 2, 187al 

5 Hat, J., Jan., Widdrington Colliery, Aplilingtoii ., Sept. 4,1809-1 

S Hei'kei,), U.\rrHlw, CwtU EdeiiC'^Uivrj', Co. Durlwin April 11, IST'i'j 

7 Heckels, W. J., SuQlh Modoinaley Colliery. Dipton, by Linti Ureeu May 2, 1863 I 

8 Hkdlit, Bdw., 2. Church Street, Loiulon Road, Derby Dee. S, IB&a \ 

9 HHULEr, J. J., Coiiaett Collieries, Lutid|^t«, County Durham ... April 6,1872 j 

HeoLir. J. L.. Pkuluir'i Brook, Chwier ,. .. Feb. B, i870 ] 

1 Hkdlkv,T. F., ValiiiT, Sunderland Mnr. 4,1871 I 

3 HBDLir, W. H., Colmelt CulliBiiiBS Medoumley, Newcastle-on-Tjiie 

(Member of CovHcilJ 1804 I 

3 HExnEHBos. H., Pelton Colliery, nicstcr-le- Street Feh. 14, 1874 I 

4 UBFP(Li,T.,Leal!<.'ldHon>c,Ilirtley,l'eneeHun)M r'ifnn.o/'f^oii'unV; Aug. 6.1868a 
b HipriLL, W., Bmncepeth Colliery. WUIIngtun, County Durham ... Mar. 2. 187* J 

a HlUDKAN. J.. Park Crwcent. Uridgend. Glauorganabiru Oct. 4,1860^ 

7 HBtLor. C. Lingdalo MiiiM. EJii Uuisborough . Feb. 1.1868 1 

9 Hmlop. Qhaixobb, WhiLwgll Colliery. Sunderland . Oct. G, 1873 ] 

9 Huu>F, J.. Hueknall Turkard Colliery, near Nottingham ,, .. Feb. 6,1864 I 

HBTnButxaTO.i, It.. Coil'xlgoCoUivry, Newfwtle-on-Tyne ... .. 1859 I 

I»H«WHT,0. C, Coal Kt Heath Colliery, near flriitol Jone 3,187lJ 

: HiWLKTT. A., Uaigb CoIUery. Wigan. Lancasbire Uar. 7,186l1 

3 HICE, ti. W.. 14, Blenhdm Terrace. I.«edj ... Hay 4, 187(1 

4 UiQPO. Jacob, 94. CrouStrcet. Manchester , 18611 

i HKidi'-v, P.. Crown Chainbem. 18. Bontli Street. Manehnter Aug. 3,1866 I 

3 Htu, Lliui C.. Bartholomew House. London, E.C. ... Nov, 6, 187& I 

7 UiLiuH, J., SUndiah and Shoviu^toD CulUatiei, near Wigan ... Dec, 7 1867 J 



SOS HriTOS, T. W., Wig»n Cwil and Iron Co.. Limited, Wtgsa . . 

299 HiNDUABBH, Thomas, Cowperi Lodge, Blytli, Northumbwland 

300 Hor.03O.i. J. W., Diptnii ColUory, via Lintu Oreen Station ... 
BOl HOLLiD.iY. Mautin, M.E., Pcatet' Wuit Collieries, Crook ... 

302 HoLHEB, C, Qruige Hill, near Biuliop Auckland 

303 HOHEH, Chaulu J., Mining Eiigini.vr, Stokc-on-Trciit 

30+ Hood, A.. 6, Unt« Crescent, Cardiff 

805 HoFi, (tsoBOE, Nunbottle Collier;, Fence Himioii 

806 HoBSdHY, H., WhitwortU Temwic n*o Spenujmoor, Co. Diirlinni . 

80r HoBaLKT, W.. Wliitehill Point. Porej Mniti .,, 

808 HOBKOLD, H. D., C. and M.IC., F.R.G.S., RO.S.. M. Soc. A.. &c. 

Fonda de Orientc, Barcelona, Spain 

509 HowAKD, W. K., 13, Cai-cndiih Street, Cliextertield 

510 Hobaoh-, Jaueb, Albion Minca, Hctou, Noi-a Scotia ... 

311 Hi'OBEa, U. S., AldridfR Colliery, near Waball, StafTordihlre 

312 HfMBLE, JoHK, Wort Pelton, Cheatorle-Strect 

313 Hdmblb, Job., SUvelej Works, near ChoaterHeld 

314 HtT-fTEU, J., Jun., Silkatone and Wonbro' Park ColU., nr. Barnile; . 

315 HrsTBii, W., Monk Bretton Colliery, near Banuilej 

316 HuNTEK, Wji., 34, Urcy Street, Nim-costtc 

317 HuNTKB, W. 8, Moor Lodge. Newo8«tle-upon-Tyne 

318 Hri!T:Ni3, Cbaulbs, Fence Houaca 

319 HiTBBT, T. G., F.CS., Lander (Irange. Corbridgo-oii-Tyne 

(■Member of CouncilJ 

320 JackbON, C. O., Wiman C™1 and li\jn Co., l.iniitcd, Wigau . 

321 JACKSUN, Vf., CaniKKik Cbaw! CoUiL-nen, Wul^U 

322 Jacebon, W. a., Howl Karni, Hetbley, iieaT LeedM ... 

323 Jabbatt, J.. Bronniaide Colliery OSice, Durljam 
3S4 Jeffcoci, T. W., 18, Bank Street, Shoffield ... 
826 Jbnki!(8,W., M.E„ Ocean 8.C.Coll».,y«trad.nr. Pontypridd, So. Wales 
326 Jenkins, Wm., Coimett Iron Worku, Coiisett. Durham 
3£7 JonvABBON, J., I.eadeitluill Street, London, E.C. 

328 JoBNBOti, HsHur, Dndk'j, Worcesterabire 

S29 Johnson, Jouk, M. Iiut. C.E., F.O.S., 21, Victoria Squnrc, Ncwcmstlo 

330 JoHNBON, J„ Witley Colliwj Co. Ld., Haleaowen, nr. Birmiiigb 

331 JoKNBON, R. S., Slierbiini Hall. Durham ... 

332 JoicEY, JoHV, Newton Hall, 8tock»tieId-oii-Tyiie 

333 JoiCEE, J. O.. Forth Banks Wert Factory, Newciuitlc-oii-Tvue 

(IScmbtr of CouiteilJ 

334 JoicKr, W. J.. Tanfleld Lea Collier)'. BiiruoijSBld 

335 JoBDAM, KoBKBT. Ebb* Vale, Smith Walca 

386 JoBBPH, D. Davib, Ty l>raw. Ponlyiiridd, South Wah-.i 

337 JosBPH, T., Ty Draw, near Pontypridd, South Wales 

33B KsLiEr, W., 41, Fas-cett Street. Sunderhind 

330 K'ENtiALL, John D., Uopcr Street, ttliitelmvcii 



Aog. 8, lfl6G 
Sept. 2,1876 
Feb. B, 1H70 
May 1. 1875 
April 11, IS74 
Aug. 3. 1865 

April 18. leei 

Feb. 3,1877 
Ang. 1, 1874 
Mar. B, 1857 

Ajiril 1,1871 
Aug. 1.1861 
1862 
Ni>v. 6, 1869 
Mar. 4,1871 
Juno 2, 1866 
Mar. 6, 1669 
OcL 3, 1861 
Aug. 21, 1862 
Feb. 1, 186S 
Vee. 6.1666 

Aug. 21, 1851! 

June 4. 1870 
Feb. 14.1874 
June 7, 1878 
Nov. 2. 1867 
Sept. 4.1869 
IXt. 6, 1862 
May 2, 1874 
July 2,1872 
Aug. 7,1869 
Aug. 21, 1852 
Mar. 7,1874 
Ang. 21, 1852 
Sept. 3,1853 

April 10, 1869 
Mar. 6, 1869 
Nov. 7. 1874 
April 6,1872 
April 6, 1872 



(xxviii) 



340 KiRifiVT, Utlkb. M.B., HiU Foot, Ulvcratone 

241 KlMtTdV, J. O., 40, 8t. Hftrj'i Gate, Derby 

342 KtitsnT. J. W., AsfagroTC. Wiudjgates, Fife 

813 KlUEWoiiu, WiLLlAX. Larkh&ll CoUierf, Uninilbm 

M KlRsarp. Jouk, Tewn CoUierj, Oateaheitd 

34& KsovcLRs, A.. High Bank, Fendlebnrj. Mauchester 

3M KitOIFLEg, JOHX, Wcstnood, Peiullebnrj, ManclieBter 

317 KKOvrutu, TiiOMits, Incc HoU, Wignn 

348 KtRKK, R. U. v., WMtmiiurtcr CliUDl)erg, Wreitum 

319 Lacki^id, J. J., Albion Street, HanUj. SCaffonbbire 

350 Latdleh, W. J. 

aSl Lamb, It., CteatuT Moor CoUioiy, ii«ar Wliitchsvcn 

852 La.hb, IE. O., Gibudc, Lintz Clrceii, NewcautU-oii-Tjlie 

SJ3 1.AMB, RiCHABV W., Cml Owner, Hevautie-oo-Tjao 

351 Lambkbt. M, W., 9, Queen Street, NcwcMtle-on-Tyne 

3GS liAXCASTFB, JoHK, Bilton Grange, Enpby ... 

350 Laticabtbb, J., Jnn., Aiifidd Home, Wille* Koad. Lewiinjtton 
357 LAxrASTsn, S., Xruitygln ii BIMiia Steam Ciial Collicrien, Blaiiui, Hon. 

S68 Lahpals, a., Locligeily Iron Worki, PifcalJire, N.B 

SG9*LAronTIi, QRMtl. H.E., 80, Rue R.iyali!, Bniiuielii 

360 Laikmce, J., a, Villeltc Mount, Tcmnrd lloiul, BundcrUnd .. 

361 IiAVKnirK, Root., West Ruiiiton. Fence Hotiftcii 

86E Lawskxck, Hiimr, Qninge Iron Wm-lfi, Dnrbam 

363 LAna. H., Onlngei- Street Weal. Nevcsitleon-Tjue 

36t L.iwR. Jum, Blfth, NorthnmberLtnd 

3fl5 L.»wso:<. Rcr. E., liongWrM Hall. Mtirpeth 

360 LATroirK, JoeBtn, Low Gtwfnrth, Nortliuinberland 

367 LCBOint, G. A., M.A., F.O.S.. College of rii.veieal Science, Ncwcutle 

CMrmhrr of CmnKtlJ 
86S Lie. Gboro*, Kiton Hoiue, MidiUeibrn' 

369 Lmlik, AjruBiw, Hcbbum, OolMliMidon Tme 

370 Lever, Ellib, Bnwdon, Chcfliire 

871 Lewis. Henhv. Annealey Collier;, near N'ottingliaui ,, 

873 Lkwis, W. H., 3, Bate CresceuU Cardiff 

373 Lcnna, Wiluam TnoitAe, Hardy, Abcrdare 

871 LiouKLL, O. H., Somerset Mouse, Wliitehareti 

875 LiDDiLt, H., Prudhne Ball, Fnidhoe-on-Tyiic 

876 Lindof.Jaku, Uloxwich, Walsall. tiUfriirdiiLire 

877 Limslbt, R., Cramlington CoUierj, Norlliuniberlaud 

378 LlsfLar.S, W„ Wliitbiim Colliery, Snndi'rland 

879 LisiiVAK, T.. Jun., Hctton Colliery, Fence Honses Nor. I 

B«l LifUMAS, Wm., Witlon-le-Wear 

351 LISB1IA.T, Wm., Blinker Hm, Fence Houses Mar. ^ 

aft Lii'Msr, C, Bredbury Colliery, Bredbury. Sti)cb)K>rt .. ... ... Aug. I 

883 LiTEtiT.T.. Bradford Cnlliei3,Mancb»ter Nov. ' 

8M Llxwiltst, In, Bisca CoUlMioi near Newport, Mm May ' 
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S8E LosjLir, WiLLiAH. Lang ley Purk ColUerj, Durhun . , 




Sept. 


7.1867 


386 LoKaBOTBAM. J.. NorUj Collieries, near Wig»n 




May 


2.1868 




London, S.W 


AUR. 


21, 1852 






Sept 


6, 18l» 


889 LcpiOH. A..F.0.8., Crowpite., n«r L«d. ... 




Nov. 


6. 1869 


390 MACEETfElB, J., Aaligrave Villa, Diroiluilm. PtiAej Road, Glu^nn- .. 


Mar. 


E. 1870 






Nov. 


6, 1876 


392 MAtwo. C. T.. For.1 Pi.tUrj, NewcMUe-on-Tyue 




Oct. 


5, 1873 


393 Mauuatt. J. C. C.E., 8t. Andrew'i Chambcre, Lccdi 






1861 




B-PBWinRNT 


Aug. 


21, 1852 


39B Mablbt. J. W, Mining Offices, Darlin^n 




Aug. 


1,1B6S 


396 MiBsnALt, F. U., Mcmi*. HBWtliorn & Co., NewcoatlB 




Aug. 


2.1866 


397 Mabstok, W. B., Lee«wo(«l VhIb Oil WtirkB. Mold .. 




Oct. 


3,1868 






July 


2, 1872 


399 MAHTis, R. F., Moniit Sorrel, Lougliborongh 




April 11, 1874 1 






Mar, 


6.1867 


401 Macoiian, J. A., Norbndda Co«l mid Iron Co. Limited. G«rr»warp* 










Nov. 


7,1863 


402 MaTohah. J. D.. Hebbom CulUery, near NevEaatle-on 


Tyne 


Nov. 


4, 1876 


403 Mai, Oeobob, Hartoii CoUin'y Offlcea, Tyne DocUh, 


South Sliield- 




r3r™S«- 0/ C(.««ci?J 


Mar. 


6,1862 


404 McCttBATM, J„ 95, Batb Street, Gliugnw 




Mar. 


5, 1870 


405 McCrLiocH. David, Beech Grove, Kilmftnioclt, N.B. 




Dec. 


4, 1875 


40C McCetLOeit. H. J., Hortoii Hon«, 277. Cnrnden Ro«d 


London.N... 


Oct. 


1,1863 


407 McCl-tuiCR, W., 178, Oronliam HutMcOld Br.«d Street, Loudon, E.C 


Nov 


7. 1874 


408 McQhib, T., Cannock, .Stafford»liire 




Oct. 


1,1857 


409 McMdbtr.b, J., Baditock CUiery. Bath 




Nov. 


7.1863 


410 Mbik, Thouab, C.E., B, York Hla™, Kdinbnrgh 




.Inne 


i. 1870 


411 MEB1VA1.B. J. H.. 2. Victoria ViUiw, Newcaatle 




May 


5, 1877 


4IS Milled. Robeht, Strafford Collieries, near HHnuley .. 




Mar. 


2.1866 


413 MlLLfl. M. H., Duckituintoii Lodge, Chesterfield 




Feb. 


4,1871 






Apri 


11, 1874 


41E UiTCitEU, Joseph. Wonbro' Dale, near Baniilej . 




Feb, 14, 1874 1 


416 HlTcniiteOH, !(., Jun., Pontq) Coll.. Linti Oi^i IJt«tio 


1, Co. Darham 


Fch. 


4.1865 






Sept. 


4, ISM 


418 MosKHouBB, Jos., Veat Honsc, i'riiingloti, Whitehaven 


June 


4,1863 


419 Moor, T.. Cumboi* Cidlicry, Bljth 




Oct. 


3, 186S 


4S0 Moon, Wh., Jan., Uettou Collier;, Fence Hoaitea 




Jnly 


2. 1873 


431 MooBB, R, W., CoUiery Offloe. Whitehaven 




Nov. 


5, 1870 


422 MouHB, T. H., Smofttoi. Park. Inveresk. Edinburgh .. 




Feb. 


2,1867 




«■ 0/ CouHnlJ 


1861 






Oft. 


7. 1876 


426 MOBBIS, W., Waldridge ColUerj, CheBter-le.Street, Fe 


ceHouKes . 




18SH 








1861 


427 Morton, H. T., Liinbtoii, Fence Houbm 




Aug. 


21, 1852 


«8 Mo:.ES, Wm., Lunihy Culliorj, Fence House. ... 




Mar. 


2. 1873 



(nx) 

D MrCKU, Jdkv, Xonl Bretbm. Bsmile; 

480 MrLCi8TBB. vr., Jan., M.E., Crofl Hou«c, AspatrU, nmr Carlisle 
*31 MrLTAST, W. T., PArajifltort, Du«H.ldcirf-ou-tlje- Rhine 

432 McNULi:. Abthcb. 7. CuUingwood Street, Newcutlc-un Tf no 

433 McxDLB. W., Kede^lc Minei, BeUiugluin 

434 N*Kgos. J 

435*Nabsk, Rt-|ioLPii, Knnigt Dcr^^erki Direclflr, LoDiscnthBl, Sur- 

bnifkcn. Pnuaia ,,, ... 

436 Natlob. J. T., 10. W«rt Clitjtiin Slreet. Xcwcastle-un-T.vue 1 

487 NiLBon, J., C.R., Usriiic and Siatiniwry Ei^iio Wurbs, Gatcslicml ( 

438 Xivix, J[>nK. MirHold, Vorkxhiro I 

4S0 NiWALL. R. S., Fumdene, Oateshtiad .. ] 

440 NlCHOUON, £., jun., Beatnuh Collicrj>, Chcster-U-Stn«t > 

441 Nicaouox, J. W., 36, Crown St., Elawiek B.«d. NcwcMtle-rai-Tjiie < 
443 Kicnciuox, Mauhall, Middlaton Uatl, L«iila ... 1 
443 KoBLB, Captain, Jcnnnnd. Newcuttc-npuii-Tjne ... ... 1 

441 XoBTn. F. W., F.O.S.. Ko*lc-j Hall Collierj, DudWy, Stafforf-hire „ ( 
44S NcTTALL,TnouAB. Broad Streut, Bxir7, lAnouliire .. f 



t 2, 1B68 
t 2, 1863 
;. 7.1869 
, il,lS73 



446 Oqmm. Johw M., Solicitor, Sunderland , 

447 Oqiltib, a. Obakue, 4, Ureal (t«>rga Slnvt, W^g 

448 Olitib, Kobbst, Chsrlaw Colliery, iioir Duriiain 



Mar, 5, 1857 

■, London Mnr. 3. 1W7 
Nuv. 6. 18T6 



440 P*c«r. T.. BUhop AucVUml ApriUO. 19B9 

460 Pai.mbk,A. H., Waidle; Hall, near Kewca«tteni>.Tj[iG Jnlj 2,1873 

461 Pauh. C. M., H.P.. Qua,r, NoKcutle-uiKiii-Tjne Nov. &, 16&2 

4fiS Paiulv, C, Kaditock Coal Worki, near BalJi Sept. 5,1868 

458 Paxto!(, F. 8., SiUuwnrth Gilliery, Sunderland Oct. 6. 1867 

4H l'AliKl\,C„WcMHaddon \'illB.L'<iaUuim, Rcdear .. . .. Jnnc 5,1875 

46G Pauik, Jonx, WMthoDmeUnif*. Kvd(W,Yiirkilitre Aprilll.lH74 

466 pAamNOTOH, H. W.. Wntrtnouth Collier;, Sundtrrland . Dw. 1, 18M 

4£7 PAkTOK. T., F.G.S., Aih Cotlai^. Birmingham Road. Wnrt Bromwich (h-t. 2, 186II 

468 pATTisnx, Jonn. Eiitrinwr. Naples Nor. 7,1874 

4fi9 PiACR, M. W'„ VTigMi. Lanculiir^ ... Jul/ S. 1873 

*eO Pbacock, U*viD, West Upiniwich Aii|(. 7. 1869 

461 PlAHrit. F. U., Bowling Iran Work*, Hndfurd Ort. 1,1857 

46! PiAsN. J. W.. HJ'., Huttoii HM. (tuUbro', Yorkihir« Mar. 6. 1867 

463 PxKL, JouM. Klianicliffc and Silkstone ColL. Wortlcf, ncM SbelBcld Nov. 1, 1860 

464 PlRt., JonN, HonlejrC'JIterj, Wrlaro.<in'TTn* Mar. 8,1877 

466 Pbilb, William, Kownxxml, R«at)i.C'«diir . <M. 1. I'W 

466 PliiiMAii, J. K., 2, Clannee Boilding*. Boutli iitm-t. Maiielwatir Mnr. 7, 1^74 

467 P«««n-. 8. W Juno 2. 18G6 

468 PHiLirsux, H.. B, Queen Struct, SewrMtlc-upim-Tjiic .. .. (Vt. 7. 1871 

469 PiCKrr, P. W., Ihinkenliaigh CiJlieriiw. Areriugtim, Lonradiiro . Fvb. 6. 1»76 

470 PmcHiNi). AKrnu. K., TlieTemce, <iraTr«-nd Maj 5. 1H77 

471 PoiTia, .Vi>iiiau.v. I1»U<» HaU, Nioextle-tni-Ttne Mir. 6. lUtSO 



47a PorrBB,A.M..SliimiioorC,ill..JIortliumbLTliind('iff»ii*ro/C(H(iinO iVb. 3,1872 



473 Pgmn. C. J., HeuUrn Hall, Kewcutla-on-Tyue 
474"PorT«B, W. A., Crmiiliiigtoii HnUiW, Xcirthnmbi-tUnd 

475 PlilCl, John, Menam. Pitliner Bnithera i Cu., JiuTon--on.Tj-ii<; 

476 PmcB. J. K, StunilUU. ncnr Wlgan 

477 PnisaTUAN, Jos., Coal Owner, Newc»stJe.ou-Tj-nc ... 

478 PniNOLB, Edwabi), Cliopphigton Colliery, NortliomborUnii . . 



479 RA««*r. J. A., We»tbi™,k, Darliiiyton 

480 IlAUSAY,J.T.,\VttIbottlHUiill,iir. itt^yAtio-on-TyaefMam.ofCouHeitJ 

481 RiMau-,T. D ,. 

462 Rausat, Wm., Turnlnle ColUory, County Durham 

483 Rbbd. Robeht, Felling Colliery, 0»te»he«d 

484 Kkks, Danirl, GUiid»re, Abenlare 

485 Hrfebs. Wm., TeiiWi, Bohemia 

186 Rbid, Ahdukw, Xewautlu-oii-Tyne 

-187 BicnABUB. K. W.. Meurs. Bolekow, Vinghwi, ft Co, MlMosliro' ... 
4SS RicHABM, O. C. M.E., WoudWuu, nrar Sheffield 

489 RiCHABDBON, U., liavkwartli CuUiery, Ncwcastle-oii-Tyue ... 

490 RiciiAlujsOK, J. W.p Iron Shipbuilder, Noweastle-on-Tyne 

491 RiDLET. G., Trinity Chambers, Nowea«tUi-oii-Tynu 

4S2 RiDLES, J. U.. R. &, W. UawIhom'B, Newcutle-im-Tyne 

493 KnilAMi, J., Bridgowater Offices, WalltdeiJ, iir. Bijlton-le- Moors, Lan. 

4U4 RlQBr, JoRX, A«h Villa, Aliagcr, Ktuke-iipou-Trent 

495 RcTdON, V. A , 6, Qaeeu Street, Nevi-castlc-on-Tyno 

4U6 RiTSO.i, W. A., Shillyittio Colliery, near Alnwick 

497 RoBEHtsoM, W., M.K., 123, St. Vilioant Strout. Oloagow 

49S ROBINBON, n. C, Breretun and Hayen Culln., Rugeley, Staffotdshiro .. 

499 Robinson, U., C,E..7, Wentiniustcr Chambers, London 

500 RoBlNfiON, Jons, Uebbum Colliery, near NewcaatlB-oii.Tyne 

501 RoGlNBuK, R., Howliiih Hall, near Bishop Aiickluid 

502 RoBsos, R. Hiddletbm'-on-Xee* 

603 RoBHON, J. S., Batterknowle Colliery, n'a Darlington 

504 EODSOS, J. T.. Cumbuslaiig. QbisgDw ... 

B05 RoMos, Thduas, Lumluy Colliery, Fence Houses ,._ 

50G ItouBBSox, John, Croxdale Hull. Durham 

507 Roac'AiiiP, J., Kiwedule Inidgc, near Pickering, Yorkstiire 

508 RosBBY, John, Uaverliolme Uoime, Brl^, Liucolnshira 

609 RosB, A 

510 RoE9, J. A. G; Consulting Engineer, Bath Lane, Newcastle 

511 RoaaBH, W., Uincral Surveyor, LlaneUy, ConuarthenBhire 

512 HoTHWHU, R. P., 27, Park Place, New York 

513 RoCTLEDGE, Jos., Ryhojie Colliery, IJunderland 

614 Roun-KBGB, J. L., Ryhope Colliery, Sunderland 

516 RotrrLEBOB, Wu„ Sydney. Cape Breton 

516 RowLBY, J. C, Sbogpoint Colliery, Otago, New Zoahind 

517 ROTHEBFOBD, J., HaUfai, Nova i:icoli» 



. Oct. 3, 187* 
1853 
„ Mar. 3,1877 
. Aug. 7, 1H69 
. Sejit. 2. 1871 
, Aug. 4, 1877 

.. Mar. 6, 1969 
Aug. 3. 1853 
Mot. 1,1866 

Sept. 11, 1875 
Dec. 3, 1863 
1863 
Oct. 5, 1872 
April 2,1870 
Ang 5, 1876 
June 5, 1875 
Mar. 2. 1^165 
fii-pt. 3. 1B70 
Pek 4, 1865 
April 6, lB7a 
Nov. 7,1874 
Feb, 6, 1876 
Ort. 7, 1871 
April a, 1870 

Mar. 5, 1S70 

Nov. 5. 1970 

Sept. 3.1870 

Not. 4,1876 

Feb. 1, 1868 

April 2, 1870 
1853 

Sept. 4, 1R69 



Oct. 
Mar. 6, 1669 
Feb. 2, 1667 
Nov. 2, 1873 
Oct 1, 1857 
July 2, 1873 
1868 
Mar. 5,1870 
Sept. 11, 1S75 
Oct. 7, 1K76 
Ang. 6, I»iE7 
Dos. 4, 1875 



618 nPTH»»K»B, W, Hirden Hoiiw, Wliltley, NowcMtlB-on-Tyiw ... Oct. 3, 1874 

619 lirTTEK. Tuo9.. BUjdon Main Collier;, UUjdon-oD-Tyna Ma; 1. 1875 

120 iixattt. W. J. 11., VuTtl Slrcct Urui Worts, ^tvcauOe-on-Ts'K - Sov. 4, 1S76 

621 Saist. Uiobob, VsnibUl ColUerio, Knabon, Sf.rtli Wales April 11, 187* 

G22 ScAttTtl. W. T., lUby Cutk. Darlin^on April 4, ltl6S 

Baa Scorr, Andbiiw, BroomlnllCiUierj. AokUnnlim Dec 7.1867 

63i HcOTT.C. K.. Iiste>h«ul Fell Colliery, UttUtlwad-ou-Tjiio April II. 187* 

535 ScoibAit. U., Parluide. Priiliigton, Cumborlund .. July 2, 1872 

MB Skudox, 1. V^ Omt Harwood Cullieriei, near AceringlAn June 1, 1807 

5S7 SxnuoK, W., Dunkirk CoUieriei, Dnkintield Oct. S. 1865 

52S SHALL'!, F. W., M, aiid J. Pritchard, 9, GracMliuroli Stnu-t, Li)iidnn April 6, 1872 



529 Khaw-, Jona, Neptune Engine Watkt, Uiv Walker, Nencutlc 

eSO SilAW, W., Jnn., WiiUugliam, ria Darliiiirtoii 

681 tJHiIL, JoBN, FnniH'eiI|pil« Culliery, County Durham 
538 UiiOKi, laAAC. Peiitrcfvlin Huuic. Wrctbani ... 

633 SHOuTaKDii, T., Park Uouw, Wiiutaiiley, Wig»n 

53ISiirTM.C A.. Wottoe, South Shield* 

635 SlilPsott. J., Uuworth Colliery, near 0»t4Mliead-on-Tyiie 

S86 SlMPftOK, Joa., Spriiigliill Uinc*, Cumbcrlmid Ci>., Nova Scotia 

537 SiMrsox, J. B., Hedgefteld Houw. BU;don-ou-Tvne(Vic 

538 Hiiition.J.C. 

6S9 murdox, R, M<»r Honiic, Rytoii-ou Tyuo 

640 SiMlwiK, lt»8T., Drumiuotid Chillier}, VtobtMlle, mEtjn, N.S. 

B41 8iNCUIii,Ja»ici, 4B.Illacl(frian Street. Hancheitcr 

642 Slink, T.. 2, ChnppiuKtuii Stnet, Weftmurland Bold, Ncwcutle 
618 Shall, a., Dufficid Boad, Derby 

644 fiKlrn, O. K, (Irovehunt. Tunbridge Wrfl. .. 

645 Skitu, J., Biekcnliaw Colliery, Leigli. near Mancliculer 
546*Smitii. B, CLifFOBD, P«kflcld, Sainton, Manelietter 
647 liwiTil, T., Svn.. M.E.. Llnderfurd ViUna, iir. Xeuuliam. Uluuootcr ,. 
518 SUITII. T. E., JSP., Qurforth Hunw, Dudley, Nurthuuiberland 
8«e SHlTfl. T. E., PluBuLc Poandry, Newgate Street, Newcaalle-un-Tyne ]>M. 5, 1874 

D SxowoOK. T„ JiUL, West Uitchbum Coll., nr. IWlaw, ria Uarlingtoii Kept. 4, 1860 

I Bopwrrtt. A., Canuook Cbue CoUieriei. near Waball .. Aug. 1, \»m 

I Sopwtrn, Tuoi., B,OraitQeoTgeSt., Weiriuiiulcr. London. 8.W. .. Mm. 3.1877 
S 8ocTHiuii,K.,Barlrig)iHin»F,'niaPaiade,Trwli«arvil1e. Cardiff . Aog. 3,1865 

euSocTHWuilTii, THOa., Hindloy Green Collivrin. near Wiitan May 2,1874 

6ea Spams, U. K„ SUrttortb Hddk, Barnard C»>tU 1866 

666 KrtMCl, U Juno 7,1873 

667 Krmci, jAitu. Cllftou and Millgraniflti CtJlierie*. Workiupon ... Nov. 7. IS74 
658 Hpixcw. Jonn, WenlgatK Koad. Neweutle.^ii'Tyn* . tv\iL 4. 186& 
558 SpiaOM, M., Nenrbum, near Newnutlv •m-Tyiw tHept. 4. 1869 
Ho Unitcnt, T., Bytou, Newca*tle-on-TyuB Dm. S. 1866 
•n BrnrSB, W., CroM Hhuh CliamUir^ Wedgahi Kiad. Xewcaolltf ... Aug. £1. lS5t 

•a Btbavixkx, *. U Dnrbam (Vici-PaMiuiiTT) I>*c 6, 18U 

US Stkavihiiom, D. P.. B.A., LL.B. BarTlati!r.at-U*r, CroH HonHV 

We>tgat«lto«l,Xc»i»tle-un-Tyii>i April 1,1871 



6,1875 
. June 3.1871 
. May 6, 1871 
1858 
. April 3, 18C6 
. April 11. 1874 
. Dec. 6, 1866 
Mar. 3,1873 

B-PUBBIDBNT) Oft. 4. 1860 

April 7,1877 

Aug. 21,1862 

.. Doe. 4,1876 

. May e.lH7G 

. July 2, 1872 

- Jnuo 4. 1870 

. Aug. 6, 1868 

.. Mar. 7, 1«74 

. Ik-e. 6, 1874 

, May, S, 1877 

. Feb. 5.1870 



(xxnii) 

SI Stieu, Coab., Bolton Culliery, HeKlagato, CnmberUiul 

66 Steele, Crable^ R., Almburgh Haunt, near Marjpnrt 

66 STBFHEBaos, G, R„ 9, Victoria Clmmlicrs, Wuatmimtur, Londiiii, S.W. 

S7 Stbphbsbjs, W, H., Elswick Hoiiu, Nowcastla-on-Tyne ... 

S3 SisrENaciN, R. ... . . 

S9 Stobart, W'^ WuinnautL CuUiery, Suntlerkiid 

70 Stokoe. Joseph, Huughtoii-li!- Spring, Fence House* 

n STOKsr, Tiioa. E., Clougb null Iron Wurks, Ridagrove, StnlTonUtiin! 

72 StiLASEB, JOHS, Stagelmw House, Corbriilge-ou-Tyiio 

ra SiBAKEB, J- H., WiUingtoii Houw, Co. Durluun 

n Strattok, T. U. H., Kealiam Collier}-, SuuilerUiid 

?& Swallow, J., Pontop H»ll, Litit« Green 
re SWAJ.LOW, R. T., SptingweU, Oiite»]ioiid 

!7 Swan. H. T., Sliipboilder. SowcHntltt-on-Tyne .. 

re SWAll, J. G„ Upasll HbII, neu Middlesljro' 

'9 SwA»y,C. a.,Sec.,Oeneral Mining Aa9o.L(1..6,Ni>w Broad St.. Limdnu 

10 TiTB, HiMOS. Kimliloswortli Colliery, Co. Durham ... 
il Tailob. Geobqk, Brotton Mines, Sultburu-by-tlie-Sea 
iS Taylou, HrsH, King Street, giia;. Newcastle -on -Tyne 

13 Tatlob. John B., WuUescol^ Uoiue, near Stourbridge 

14 Tjvlob, T., King Street, Quay, yewcaBtle-on-Tyne 

15 Taylor -Suit LI, Tbouas, Urpotli Hull. Chester -tu-Strevt 
S Thoxas. a., BilsDii HauBe, near Ncwiiluun, Glouce<ten<hire 

7 Thompson. .Iambs, Hnrwortli, Darlingion 

S TnoMFSoy, JoBK. Bonghtun Hall, ChMt«r 

9 Thompbos, J., Hilton Houae, Blackrod, near Choriey 

TnOMPBON, R., Jun., Rodridge Houre, WingHte. Co. Durham 

1 Thompson, T. C, Milton Hall. Carlisle 

2 TKOMflON. Jonx, South Skelton Mines, ela Guinbro' ... 

3 TaoMBON. Job. t\ Manvers Main Collierj, Rotlicrlwm 

i Thpbboh, N., Broodoak Colliery, Longhor. niar Swansea 

TlNM. J.. C.E., AshtoQ Iron Rolling MUla, Bower Aihton, Bristol ... 

8 Tone, J. F.. C.E 

7 TrLDBN-WHiOHT, C, Sliireoaks Collier)', Worksop. Notts 

8 Tflob, Alpebd E., 123, Bate Street, Cardiff 

a Ti-BON, Wm. JoHK, 1, Lo»ther Street. WhitehnTpn 

TrzACE, D.. Kelung, Formosa Ishind, c/o Oiui.of Customs, Ainoy, China 

1 Ttzace, WlLFBED, Tanfield Lea CoU,, Liiiti Green Station, Newcastle 



Juno 7, 1873 

Mar. 9, IdSi 

Oct. *. 1H60 

Mar. 7. 1867 

Fub. B. 1876 

July a, 1872 

Ajiril 11, 18T4 

Feb. 5, 1876 

May 2, 1867 

Oct. 3, 1874 

Dec. 3. 1870 

Hay 2, 1S74 
1862 

Sspt. 2,1871 

Sept. 2,1871 

AuR. 7, 1876 

Sept. 11,1876 
June 5, 1875 
Sept. 5, 1856 
May 3, 1673 
Jidy 2. 1872 
Aug. 2, 1B66 
Mar. 2. 1872 
June S, 1868 
Sept. 2, 1865 
April 6. 1867 
Sept. 7,1867 
May 4, 1854 
April 7. 1877 
Feb. 6, 1875 
OuL 3,^874 
Sept, 7,1867 
Feb. 7,1856 
1862 
April 1. 1876 
Mar. 3. 1877 
Feb. 14. 1874 
Oct. 7, 1876 



603 Che, J. P., Engineer, Tyne Cororoissioners, Newcastle May 8,1869 

605 ViviAK, JoKK, Diamond Boring Compnny, Whitehaven Mar. 8, 1877 

604 Waoham, E, C. and M.E., MiUwood, Dalton-in-Fumess Dec. 7,1867 

606 Wake, H. H.. River Wear CommiMionBr^ Sunderhind Feb. 3, 1872 

606 Walibb, Q. B., Wlianicliffe Silkatoiio CoUimes, WortlfV, nr. Slieffivhl Due. 2. 1871 



607 Wauceb, J. B.. IS. Wallgalc, IViKsii. Luneubin: iiea. i, 1800 

608 Walekr, W.. Saltbiirn-b;.tlie-SH> Mar. E, 1870 

609 Wallace, Hbhbt, Treiii'li KhII. (ta!eili«ul ... .- ..■ -.. Nov. 2. 1872 
810 Walton, W., U|.lmtluuu Minci, M«r«kc-bj.tlio-Se» ¥^^^, 1,1807 

611 Ward, U.. Rodbuton Hdl, nmr Pifiikridge. SMffnrd .. . ... Mar. 6, 1S68 

612 Wakuile. Johk U.. M.E.. Kedbeagli Kngine Wurlu, GaUMheod ... May 1, 187E 
013 Waboell, S. C, I>oe Hill Honac, Alfmtoii . . .. . . ... April 1, 186E 

614 WakkikotO!', J.. WursborooKh Hall, noiu- fiamilD}' Oat. 6,1859 

615 Watson, H., Hifch Bridge Worku, Newcutle-oii-Tjne Mar, 7, 1B68 

616 Watson, H. B., High llriJ^e Wm-lu, XuwnuUe-on-Tjme Mar. a. 1877 

617 Watbon, M., Miniby aiid BronnbUfi. Miwr ColUerioi, near Mai-yport.. M«r. 7. 1868 

618 WlBHTBK, It. C. Haiignr Itjcuxl, iiMr Wrvxliaiu. Nortb Wale* ... tk-pt. 6. 1HS& 
6ie Wbbks, J. a., BciUlii^ii C<>lli«7, Beilliii^ii ClfetHbtr of CauimilJ Vth. 4, 186S 

620 Wmtmacott, p. Ci. B.. Otwiek Iron WorU Ncwcwtlo ,., . June 2, 1866 

621 Whatblk, W. L.. WcMTuunlli Colliery, Sundorlnnd .. Dec. 4,1875 

6Sa Whitb. H., Womiulo Coal Coiin»>i,*, TowUw. near Darllnglc.i. 1B6G 

B23 WniTE, J. F.. M.E.. Wftkelleld Jul; 2,1873 

024 WniTE, J. W. H„ WnwUuar.>nl, uovrl.ctidi .. ... . .. Hcpt. 2,1876 

62& WicTKUKAu, Jauic^ BritiiUe L»d^, near Pnwton, Lanuiliire Dm. 4. 187fi 

626 WIIITIII.AW, JoliH, 118, Umrirc !1tTR<t, KituibutKb Feb. G. 1870 

627 WiiiTBi^w.T., Shield! Hi^dDalicUCuUUrii'^HutlieTwi'tl . April 6.1872 

62A WninKM. Tho*. a, Wyknn Cidliery. UMT Cnventr; Dec. 5,1874 

629 WiiiiiAi, C Xcirtb Bitolibum Cullisrj, Uunden, Duliiiglon . .. Dec. 5. UeS 

$ao WioiiT. W. H., Uowpcn CrfUnrj, Blyth Fob. 8.1877 

631 WiLi>. J. 0., EUiifnwu CulUery. EUUtoirn. ticM- LdcetUr Oet. &. 1887 

632 Williams. E., CI«v«Utu1 UOgr. MiildlMbn/ S«[rt. 2, 1866 

638 WiLLlAHa, J. J., I'aiitKW-j'n HcmM-. Hfilj'Wt'll. nitiUbini Nov. 2.1872 

634 Williamson. JuHH, Chemical Manufoctur>,T,8authKluiikU So|Jt. 2,1871 

636 Williamson, JanK.t'annuclE. Ac. Ciillicriea, II«ln«riinl Niiv. 2, 1»72 

636 WiLLiH, J.. 14. l'urtUnd'rem«,Xpiirmitle-oii-Tyiw Mar. 5,1857 

A37 WiLM»i. J„ 69, Orcat Gydc Slnwt. Qbu^w .. ... . Jul; 2. 1872 

635 y/iteoti. J. I).. Wiugfidd Iron Wurlii and Colliery. AirreUin Nov. G, 1»62 

689 WiLaoM, KoBixT, i'liinby Culliery. Marjport Ang. 1, 1874 

640 WIUON, W. R, KiviBX aiiil Allarbiii CiillicrUii. I.<f«l* Ki>b. H, IHfltl 

641 WlNT««.T.B.,Qrey Street. Nrwwllo-oH-Tjiu! Oct. 7. 1H71 

642 Woon. C. L., lVwlai<cl. Bri<lKc <<f Kani. I>ertli*bire 185S 

613 Wood. Likmw, Soiithltl, C)ialn--le-8trcct <Pakt Puiuiucbt, .Vfm- 

btr of CMMiyllJ Oct. 1,1867 

eu Woou. Thomas. lUliiton Himx-. K.-iim Hiium Kept. S. 1B7U 

61G WooK, W. H., Wi«t Hclt<m. Furryliill 1866 

646 Wood, W. U., Kut Hctton CallieTy. Coibue, Ca Durham ... ... Hov. 7. 1868 

647 WooLoooK. Unar. St Beca, Cumberland Mar. 8. I87S 

648 WBI»nT, (1. U., 12, Trum[nngt<n) 8tnwt, CambridgB July 2, 1872 

619 Wkiuht. J. M.. 20, ISumin«rhill Tortare. XownAlia-on.Tyne Aug. 6, I8T6 
850 WRlOBTaON, T., BtooktoD-on-Twa ... .. SepU 13, 1873 

661 Vonaa, PBIur.Caa-pcn-ty Collier}, Froid. near WrciUiD . Oct. II, 1B73 



^^^^^^^Hf (XXXT) 


1 


■ 


^rbiaarj l^tmbm. 






1 AciBOTD. Wm.. Jan., M.E.. Morley Mmu Collieries, Morloj. nr. Lo«U Feb. 


7,1880 


2 Bell. (.■. E., Pnrk Hi)U>e. Uurh»m 


. Dec. 


3, 1870 


3 KuiUALi:. Henhv, M.I.C.l':., St. Udeo-m Lsnciuhire 


Oct. 


E, 1878 


i Bi-rLi;tt,W, F..C.E.,6, Queen Anna's Gate, We<rtniiiirtcr.Londoti,S.W 


. Feb. 


7.1880 


5 Dacm!S, TflOMia, Dewhsin Colliery, Marjpnrt 


M-, 


■1. 187B 


6 Dixov, Jameh tH., 170, Hopo Street, Uliugun- 


. Ang. 


3, 1S78 


7 KiLiB, W. B.. F.G.S., Wig»n 


. June 


1. 1878 




May 


4, 1B7B 




Sept. 


7,1878 


10 Hasdkx, John Hksjit, PUanix Iron Work^ PheiiixviUe, CTiMtcr 






June 


1,1878 


11 Kbllbtt, William. Wigiin 


. June 


1. 1878 


12 Lascabteh, Jous. AiicLiTibeath, 4c., Collieries I.nnurksl.ire 


. Sept. 


7,1878 


13 LiWBKMCK, Aarmifi. 73, Crotkherbtowii, Cui'tUff 


. M«y 


3. 1879 




. Fell. 


15, 1879 




. Mar. 


2, 1878 


16 Porra, Job., Juii.. Architect, ic, XortU Cliff, Koker, SuntktUnd ., 


Dec. 


6.1879 




. Feb. 


7. 1»80 


18 RotiBRB,Wiu.iA>t,M.E.. 19, King Street, Wi(c«» 


. Nov. 


a, 1878 


19 BOMHLI, ROBMHT. M.E., Coltnes^ In.n Works, New.imin.. N.B. .. 


. Aug. 


3, 1678 




. May 


4, 1878 


21 ToppiKO, Walteh, M««pa. Cnu, Tetley, & Co., PUtt Bri.ig«. Wipiu Msr. 


2. 1878 


23 WissiANUtE. lloai., M.E.,a2, St. Ann'* Stre«t. Mttntljestor 


. Sept. 


7,1878 


^ssDiiate Jjjmbfrs. 






1 BicoH, Abthur H., Mnrton Colliery, Smidurltind 


. Nov. 


8,1877 


2 Bailm, E. T., Wlng^te, Ferrjhill 


Jnne 


7," 187fl 


3 Bahbett, Chableb RoLt.0, Burnlio])G HuUBo, Lanclientcr 


, Nov. 


7, 1874 




Feb. 


14, 1874 


5 Bbwick, T. B., Hijdon Bridge, NorthnmlMirknd 


Mw. 


7.1874 


6 Buocoe, Tdouas, Seahsin Collierj', SmImiu Harbour 


Feb. 


1, 1873 


7 Bbows. M. W., 7, EWi^k Pwk, Newc«»tle-ou-T.vno 


Oct. 


7,1871 


8 Bbowk, W. B., Springfield, Wavortree, Liverpool 


, Mar. 


2, 1878 




Feb. 


14. 1874 


10 BCHNLKY. E. F., Whitwood Collierie*. Nonmrnton 


April 


11. 1874 


11 Caaebba. FlDBL. c/o H. KeiidaU* Son. 13, Ot. Winchester St., London Oct. 


6, 1877 


U Chambehb, W. Hekby. 15, -Vlcl-iri* Kood, Bani.ley 


Dec. 


2,1871 


13 Clakk, Robt., Uarnant CoUi^iB". C«'ui.d.bu, nr. LUnelly. S„. Wale. 


.Sept. 


11; 1876 


14 Clouoh, Jaubj, Bedlingtou Ojllierii-a, iicar Murpetli 


. April 


5, 1873 




, Feb. 


16. 1879 


IC CocHBANE Ralph D., Hcltnn Crllierj Offircs. Fence Ilouaca 


Jnne 


1,1878 



(xxxvi) 

rDlwSreTw, O., 2, Pembroke Tomcc, t'ardiff 

18 DoBt), M., Jon., Heddon Colliorj, WjUm-on-Tyno ... 

19 DoYLi, Jobs Blvdtt. B.A. ... ,. 

SO DoTLK. Patrick, C.K., F.H.S.. F.L.8., M.R.A.8^ Hunitiipal Climinben, 

Cliartcn Towcn. via Towniirille, Qiieenslaiiit, AuitnlU 

21 UocnUH. M. H., Whithiim Collicrjr. SundcrUnd 

SE Burn, C. H., Ethcrlv; Hoiwe, Dkrllngt^in 

23 Kirav.JouK H.. CcnlpoTtWire KopoauilCImin Warlu.Sliifii>l,S«]np Sept. 

2* lUHBiiiii. (i. o. c 

B& Ukbruip, jA-HEj, luco Hill Co^ &nd Caiiiid Compknj', Wigui 

26 OiiBKKBit. T. v., Hoinford Collierin, St. Heloii'i. Laocanliire 

£7 OuMXNlDi, W. J., Pt-mbertoQ Colliery, Wigaii 

28 Ohksi.iv, W. S., iWenttlv, Ashb;dc-li>-Zuuch ... 

20 HiMiLTOK, K.. HigWood,SJlbuni.bT-the-Seii 

30 UauHib, W, S,. Shwp Hill, Hnrnopfitld, near LiriU Urwn 

31 UjkRKlBON, J. W., M.E., OilileTKinic, aaw Ixtxls 

32 Hl-oilM, E. a., SoIwKj Viuw, WhEteli.vB.1 

33 nciiBiX Stsfhbk, Uttowtsr Raul, Derby 

34 JBP80B, H., hlbbw V»le Warkn. Ebbw Vtle, Mom 

36 Joansoit, W., Abrun CiJliei?, Wi^n 

86 LiBLB, J_ Wuliingtou Collier;, CiHiiitf Durlwin 

87 LIOK. J IBB*. Valeric*. Whilolwven 

Sa Maccjdb. H. O.. CMltoii ColiiOTj, FiTrylilH 

99 Mabrham, U. K., Howliib Ollica, Sitbop Au<^kUnd 

40 MilLNK, D. 8., Wcuinonlli Cnlliurj, Siinderlanil 

41*Mti.i.kr. N.. KurhurbnilHCull.. KU«I India Rail way. Chiird Line, Ikmgal 

42 Pbichabd, Wm., Navigatimi and I)rap Dulfryu Collieries, Muuntain 

Aah,S<>ath WhIm 

43 RATirBD.'CB, Edosk p., Eculciln MiiiM. Lihgc. Belgium 

44 RrunDS. RlclUfiD A„ UafuM Laa, Mincra, Wratliain 
4G Saiib. Walt., D. Sc., K.l.R. Cullierim, (liridi. Uriigal 

46 8AWTIK, A. It., Ah. K.S.H., Ba>rord. l^UiliF. upon -Trent 

47 SBTiioDB,T.M..Lau>btjniCulli.,Wanlab,tir.Kgwtgutlc?icw8.Wali!a I>«'. 

48 8KIT1I, J. ^AOxoLD, TliD UqtoI*. CllMlDTticM 

49 Stobabt, C. IIIuo KnuM. Waxhin^m. V«. Diirliani 

GO Stosb*. T. tr.. Wi^ii CimI a Iran Co., WeaUeitcb, m. Ui^b, Laneadi 
51 TrBxnrr.i. (iKOKnx, Si»h«m C-iIliery, Si^nham Harbour 
G2 Tuoui'SOM, Joiix, Hcworth Cullicry, Counij- Uurhani 
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4, 1875 


Nov. 


7. IB7-1 


Oct. 


5. 1878 


Doc. 


7. 1878 


Mar. 


7, 1874 
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1, 1878 


Nov. 


3, 1877 
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6,1873 
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Nov. 
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2. 1((78 
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7. 1874 


Oct. 
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7.1879 



^^^^^^^^^^v 


^H 


^^^^^^^^^ 




^V 1 AnuiTAOB, Matthew, Birtley. near Cbuter-le-Street 


Oct. 6.1877 


^H 2 Atkinson. A. A., Mu!iglei«re OiUiBry, Bmigal. IndU 


. Aug. 3, 18T8 


^H 3 Atiikbon. E. K.. WeatbDurne Houoo. Long Hcnton 


Nov. 4,1876 


^H 4 ATK.NsoK. Fbm., Acklmrit H»!l. Wig.1. 


, Feb. 14,1874 


^H 6 Atton, B. K.. Larnlev Colliery, Fence H.mi«« 


Feb. 5.1876 




Mk. 6, 1876 


7 B*R»M, A. W., GrMsmare Colliery, uear Cl.™terfield 


. Oct. B, 1872 


8 BiOUGABrsBB. W. 0.. 41, Wli.nieliffe Street, NewcwUe-oii-Tync . 


. S«pt. 6, 1879 


9 Bkll, Obo, Fmsu., 13, Old Elvet, Durham 


. Sept. 6. 1879 




. April 7, 1877 


11 BiBD, W. J., Winpite Colliery. Durimai 


Nov. 6,1876 


12 Blackhtt, W. a, 6, Old Elvet. Dnrbam 


. Nov. 4.1876 


13 BtAKKLET. A. B., Hollyroyd, Dewsburj 


Feb. 16. 1879 


14 BowLEKB, T. J., Heddou Vicunige. Wylnm-oii -Tj-no 


May 5,1877 


IG Bramwell. lluoK, Tyiicinoutli ... 


Oct. 4,1879 


16 Bbows. C. Gilfis, Hetton Colliery. Fetice Uonsoi 


. Nov. 4.1876 




Oct. 5. 1878 


18 Bplman, G. H.. Kjliope Colliery, Sunderland 


April 11.1874 


19 BrLUAK. H. F., West KaintoH. Fence Ho«»e» 


May S.1S7.1 


80 Bbkm>o, C. Z„ Rytoii-on-Tjue 


. Pw. 6, iu7a 




Nov. 7. 1874 


22 Cahvlrr. T. E., Ruat Lodge, Cnwk, Darlington 


May 1, 1875 


23 Cabb, Ukahuu B., CmUb lidaii Colliery, County Darham ... 


May 6.1878 


2* Chamlan. Alf. C, Cwinamaii Colliery, near Abeninre, South Wale< 


Oet. 4, 1879 


25 Child, H., Wniitkirk, Leed. 


Feb. 15, 1879 


26 CoiBJLD. C. H., San Valcntii.o, AbruiKO, C'ltmoiu.. Italy ... 


. May 3, 1873 




July 2.1872 




April 1.1876 


29 Cbaio, Ekkkbt, Silluworth Colliery, near Suuderlii.id 


Nov. 3,1877 


80 CbawTOhd. T. W„ PeB«e,' Went Collierie«, Crook, by Darliiigtou . 


Dec. 4,1875 




Sept. 2,1876 




33 UATia, Kekketi) M., Ta«-neley aiid »telU Collieries. Ryton-on-Tyne April 5. ISTO ^ 


34 DbfLEduE, M. F., Satley Vieaisge, Darliii^o 


April 7. 1877 


85 DosKis. Wm, Uiworth Colliery. Waihii^fton SUtiou. Co. Durham . 


Sept. 2,1876 




May 1, 1875 


37 DouoLAS, AnTUDU Stanlbv, Barton Colliery, near South Sliioldi . 


June 1.1878 H 


38 DoWBOs, W. C„ Belle Vue Hou«, Fjcoinb. near Binhop Auckluud . 


Mot. 2,1878 ■ 


39 DtJKN. A. F., Poyntoti, Stockport, Cheshire 


June 2. 1877 H 


40 DuBNroK]>,K.ST.Joiiy,WliBracliefcmikstonDColl.,Won1cy,ShcfEcld June 2,1877 ■ 



(ixx-riii) 

41 Kdsx. J. C~ Inaa Hall Osl uid Cuiwl CuiniHii.r. Liuiilu], Wi^ii . 
48 Etakb, David L„ GoWtops, NewjwH, Monmonlhiihire 

43 FaswtcB, J. W., Bebalde Ci.Uiury, L"(.w]ibii Laii?, Nurtbiitnborliuid . 

44 FtBTCHEB, JOKM E., KUniiicro Park, KooIm, nonr Manchciter 

45 FoBsriK, TuoHAa K., Itackworth, Nc«'cuUi'-(iii-T;ne 

46 KOKSTTn, FlUNK W 

47 FowLBu, KoBKBT, Wvarminitli CoUii-ry, SnndcrUnd 

48 Fbtab, Mauk, Uonhf C0IU1117, DeTby 

49 GrwHKiiiT, J. R., Ilewbi>ttlii Ciillierj OIBeen, Fence Bijumw .. 

fiO Qounox, Chab, Ldiigtou Ball CViUierj', Stoke-un-Trcnt 

61 Quvtv, Almx., CDw]ieu OJlicry. Bljrth 

62 GcTHBiH. Jaxb» Kbhskth, Kjhiii-ini-Tyno .. 



[>ec. 


5, ltl74 


May 


4. 1878 


Oet. 


7, 1878 


Dm. 


1. 1877 


Oet. 


7. 1876 


Dec, 


2. 1876 


Dec. 


2, 187S 


Oct. 


7. 1876 


Feb. 


8.1877 


May 


5,1877 


Dec. 


1.1877 



63 Haddock, W. T„ Juo,. Ryhopc Colliery, SimOcrUud Oct. 7. 1876 

64 Hallas. O. H^ Hiudlvy Omtii Cdllivry. ii(«r Wipiii Oct. 7. 1876 

66 Hallimosd. W. T.. 55. Wi-rtcni Hill Durham May 2,1874 

66 Hau. Sauvrl, (lUdalonvStnwt. Cronk AnK- 2, ISTtf 

67 UAitiiiBOK, KoBiRT J., Uackwiirtb ('iillivry. iimr Kuwi.'uitlii-uu-Tyiiv May 1, 187S 

68 HAiuisoft. R. W., I'ublic Whiirf. U'tccilw Kar. 3,1877 

61» HmiLtv, E., lUiiiliam L.>dgc. The Avuimc. Itccketihaiu, Kei.l . Dvc S. 1871 

60 HiULNT, Ebmmt H.. WtHt LliirUin House, Percy Main Oct. 7. 1876 

61 UiDLKr. Sxrt. U., Londaodorry Offiuu, SwImiu Unrbaur Fob. 16. 1S7S 

65 HtHDT, J. C. B^ Uiwortb Colliery, WaahioKtuu Hutiuti, Cu. Durliatn 6c|]t. S. 1S76 

<1» IltLL, Lkokabd, Ko. 4. llraiicepcth. Durluun .. Oct. 6. 1S77 

64 UoWAuii, Waltib, 13. CavFiKliah Strtet, Clintcrfleld ... April 13. 1878 

66 Htu»<o.v. JoaaniO. a. Alhil>aHillc^ PJelAuCoDuty, NonScotim .. Mar. 2,1678 

66 Hi-HBLK, JoiOBT, 17, WMtiiHirbnd Temwe, NeHcaatlo-nii-Tyue ... Mar. 8, 1S77 

67 Hfudlb, Kobbht, 17, WBrtinorland Tcmtcc, Ndrnallcnii'TyiHi ... tkrpt. S, 1876 

68 HrrTBR, iaay P., Backworth ColUcry, near Xemcaatle-un-TyiM) .,, Oct, 6, 1877 

60 JOBLt^G, TuoK. K., Cuil'xlgv Cullicry, by Keiitrai, Xcvcaatle-nu Tync Oct. 7, 1876 

70 JoBUAN. J. 1).. 8utitti Dvrwcut CuUiny. n'a t.intx Onwn Mar. a, 1M73 



71 Katu,. a. C. Ftslliug CuUiory, GaUnbad 

78 KiUKMOCSB, E. U., Hnlomiluy, NuwcMtU-oii.Tyne ... 

73 KiMKvi'. PiiiUP. Pouo' Weat Cullivrin, by I>arlinKt«n 

74 KtHToii, Hcan, Bmwney ColUeiy, Uurluun 



,. Oct. 7,1876 

. Aug. 3. 1878 

. Har. 8, 1B7S 

. April 7, 1877 



76 LlAOl, C. C HodlingtiMi C'ollierir*. H«.Ui»Ktuii .tli>r. 7, lt«74 
?6 LlolfllU. J, M.. Colliery Office. Wbitahatcn .Mar. fi. 1876 

77 LrKMAr, CLAamc* ».. Uaridou. Koulh SldiJd* Mar. 4. Iti76 

78 L,tT»].a, K. H., 62. guwii Atitw Klieet, Cataul.ai Sqiure, Loudnii Sept. 1. 1877 
19 I,.<xrii, EBxnT (I.. Klli<Ui*m Culliery, Uapirurth. ni«r Ldonter . Drc. E. 1876 
BU LoNuuuTiiAU. R. H.. HaiiiotwU C'<lliery. Ti.<ar l>«rl»i» Sc|<t 2. 1B76 



(xxxit) 

81 MAOKisrui, Tho3. U.. Wut Pelton Collier;, Cluwter-lo-StrMt .. Knv. 1, 1879 

82 MADDiaoa, Tiiod. It., Tlinmliill Ci]U;urii», iieu Dewsbury ... ... Mnr. 3, 1877 

63 Makbfeace, H, K.. Heivurtli CiiUifry ORIci'*, Huwiirtb, iieur Nuvrtsuttu Mai. 3, 1H7T 

84 Hiur, EuwABU f., Nunnery- CoUierj Uffices, Sheffield ... .. Oiit. 6, 1878 

So MoKEixo, C. A., 37. Spring Uardeiii, Lotulon ... . .. ... No<i, 7, 1ST4 

86 MuHDLK. HOBBHT, Lmiiii Cottmgo. Woodbum Mw- 6,1876 

87 Mfbrat, W. C, Soiitb IJerwont CiilViery, nia LiiiU Grccii Station, 

Aiinfield Plain Oot. i, 1879 

88 UrsTON, Chables J., Ji-anioiul Villaa. ^rni'tutlL'-on-Tyiiu ... .. Uu. 6,1880 

89 NiCHOLSOK, Joii. C, Npwbottle CcilUery, Fence Uciuks Feb. 8, 1877 

90 Noble, J. C, Uewortli Hull, nvar Wiubiii^[<iii Station. Co. DiirLam.. Mu; 5, 1877 

91 OnNSBT, R. K., Sentoii Dclavnl CuUierii, Dudley. XortbiimberUiid .. Mar. 6. 1875 

92 Pauiib, Hrxrv. Nunnerj CoUIer;. Sheffield 

93 PITTISOK. Jo9. W.. Loudondcrr; Offices, Seabam Harbour ... 

94 Pejleh. CitAiiLBH EuwD.. Hoiif;liton CoUipry, BaTiisley 
96 Pbake. It. C, Hnrton Collior.T Offices, South Shield* 

96 Pkart, a. W., CwmaiiiBu CoUiBry Offloes, Abcrdare 

97 PicxHRiiia. W. H,. College at Pfayaical Scieiir«, Nowc»stle ... 

98 PiCKiTONR, Wm., Oak Bunk, Black Lane, near Mancheatcr ... 

99 PococK, FKASCia A., " Welle»loy," South Shiclda 

100 PoTTKk, E. A., Cminlingioti Iloaai), NorthnmlwrUnd 

101 PuBST, J. J., St. Helen's CuUierj*, Bialtop AuckUtid 

102 PuicB, Stephen IticBARD, St. Alban's P1hl«, TyneiDouUi ... 

103 Paocioa, C. P., KilUiigworth Colliery, Newcastle 

104 Rk«d. It.. Cowiieii Uolliory. Blyth 

105 Rbbs, EHNEsr P., Langley Park Cullierj, Dnrhum 

106 KiCHAHDBON. R. W. P., 2, RLdli-y Street, Biatkhiil, Co. Durham 

107 RoBiNHON, Frank, Dent«ii Hall, Uariingion ... 

108 ROBiNBUH, Geo.. Uebhum Colliery, near Nevrcaitto-on-Tyne ... 

109 ROHSON, Harrx N., 3, North Biuley. Durham 

110 BoBsos, Tkos. O,. The Vicarage. Marake-bj-tlie-Sea 

111 ROETLBDOR, W. H., Stafeley Cool and Inm Cci. Limited, Choaterfiold Oct. T, 

lia SCABTH, R. W.. Stangliow House, Stanghow, near Guisbro" 

113 ScuiBR, H. C. East Uettoii Colliery Offices, Coihoe, Co. Durliam ... 

11* Scott. Albx., Loftlioime Colliery. Limited. Wakefield 

lis ScDTT, Waltkb, Conisay Colliery. Lanelieater 

116 Scott. W», Bmnoepeth Colliery Offices, Williugtou, Co. Durham ... 

117 Smith, T. F.. Jun., CindcrEurd Villoa, near Ncwnham, Qloncestersliire 

lis Smith, THoe., Iieodgate, County Durham ... 

119 Socthek.v. E. O., 6, Fenaick Terraco, Jasmoud, Newcastle 

130 SOCTilEBJf, W, J 

121 Spkhob, R. F.. Craroliiigton 

122 Stoker, ARTUfR P., Birtlty. uiiir Chuatcr-le-Strect ... 
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6, 1879 
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t, 1876 
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5, 1877 


Feb. 


15. 1879 


Dec. 


5. 1874 
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Nov. 


2,1878 


Oct. 


6, IM77 



(Il) 

Its Trlkibd, W. H., CmDlington ColUerj, Nurthnmbvrluid .., ... Oct S, 1S74 

131 TllOUFBOS, WlLLIAH M«j 2,1874 

)25 Toun. JoHsT., Hctl.m-le-H.)le, F.!HceHmi«. Nov. 4,1870 

ia6 TODSEB. W. J. 8., 6, Oconto'. K<«J. Els*iok. Newciuitlu-ou-Trno ... 8»pt. 6. 1879 

127 Toi-HjIM. KuwabdC. Uouii;litmiMBiiiC(jrier), Diir(lelcl,iicttrBiirn.lej Nov. 8,1877 

128 TrOKKB, A. W., Turk's HeaA Brewery, OnUnhcnd Dec. 2. 1876 



129 Vrsksb, Amidki, 8, CIiutmimhiI ITm*, Gatoshead 






130 Walkbr, F. W., Aldbru', Darliii^t<»i , ,. Sept. 2.1876 

181 WiLKKK, SaiHT, Itjboiro Colliery, near Suuclerkiid Dec 4.1875 

132 Walton. J. C. Heirorth CoUierj. nc«r NewcMtlo-mi.Tjne Hin. 7.1874 

133 Whitk. C. E.. Ueblium CoUler.v. iicsr Ncwcwllo-rin-Tjrie Nor. 4. IB76 

131 WiLauN, J. U,. t>. Walker Terrmcp, OaUaliuuI-oii-Tyne ... .. Sept. 11, 1S76 

135 Wti.80'1, J. T.. BUckhUl. Kichiaond Nov. 7.1874 

13GWi>0D,A.K Dec 2, lb76 



Subscribing ffiollitrits. 



1 Aihiligrtoii CoUier)-, NcnoMtle-oii-Tjnv. 

2 HuwtU CnUierj, Fcnee Kousea. 

3 Hetton CullioriM, Feuce MriDus. 

4 Ijunbtnn CoUicrici, Fence Houne*. 

B North Hett'iu CoUierj. Peunj Houtet. 
C IjoadDnderrjr Cullicru-a. 

7 Rfliqie Ciillicrir. near Sunderland. 

8 Bcgliill Colliery. Nnrtlmniberlniid. 

9 SontU lUtlon and Miirl<m C.Uieri™. 

10 Stella Colliery. HolgeSeld, BUydmi-on.Tyne. 

11 ThnicklHy Colliery, NevcutleHin'Tyne. 

12 Wuumoiith CoHlery. (•undcrland. 
IS WUtworUi Colliory, Ferrylull. 



CHARTER 
THE NORTH OF ENTtLAND 

liistitutt of ^iuhi0 anb ^fcjmiiical ^iiginms. 

FOUNDED 1853. 
INCORPORATRl) XOVEMBGH 2STH. 187R. 



?lf irtOria, ^y ^^ ^^f"^ of Ood, of the united Kingdom of Great 
Britain and Ireland, Queen, Dofonder of the Faith, to all to whom 

THESE PeESENTS flHALL COME, GbEETISG : 

Wheekas it hns been represented to us that Nicholas "Wood, of 
Hetton, in the Cuunty of Durham, Eaquire (since doceaaed) ; THOatAS 
Emi:rsos Forstbr, of Nen'castle-ujioii-Tyno, Esquire (since deceased) ; 
KiK George Elliot, Baronet (then George Elliot, Esquire), of Houghton 
Hall, ill the said County of Durham, and Edward Fekwick Boit), of 
Moor House, in the said County of Durham, Eaquire, and others of onr 
loving subjects, did, in the year one thousand eight hundred and fifty-two, 
form themselves into a Society, which is known by the name of The 
North op Esgland Isstitute op Mikiko and M echaxicaj- Ekgiseees, 
havingforitsobjects the Prevention of Accidents in Mines and the Ad- 
Tancement of the Sciences of Mining and Engineering generally, of which 
Society LrifDHAV Wood, of Southill, Chcster-le-Street, in the County of 
Durham, Esquire, is the preseut President, Asd whereas it has been 
further reitresented to us that the Society waa not constituted for gain, 
and that neither its projectors nor Members derive nor have derived 
pecuniary profit irom its prosperity ; that it has during its existence of a 
period of nearly a quarter of a century steadily devoted itself to the pre- 
servation of human Hfe and the safer develupmcnt of mineral property; 
that it has contributed substantially and beneficially to the prosperity of 
the country and the welfare and happiness of the working mumbei-s of the 
community; that the Society has siuce its establishment diligently 
pursued its aforesaid objects, and in so doing has made costly eiperimenta 

/ 
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b a riew to the aavitig of life br impro\'emeiitA in tlie 
Vfutilatioii of ininea, by tucertaining the conditions under which the sufety 
lamp may be relied on fjr security ; that the experiments cuiidiietwl by 
the Society hnve related to accidents in mines of uiery descrifition, and 
have not been limited to those proceeding from explnsinnH ; that the van- 
ona modcB of getting coal, whether by mechanical appliances or otherwise, 
have received careful and eontiniious attention, while the iniprovcuienta 
in the mode of working and hauling belowground, the machincrj" em- 
ployed for preveuting the disastrouB falls of roof underground, and the 
prevention of spontaneijus combustion in Beams of coal as well as in car- 
goes, and the providing additional security for the minera in ascending 
and descending the pits, the improvements in the cages used for this pur- 
pose, and in the safeguards against what is technically known as "over- 
winding," have been most successful in lessening the dangers of mining, 
and in preserving human life ; that the StK-iety has held meetings at st^ited 
periods, at which the rcsulta of the said experiments and researches have 
been considered and discnssed, and has published a series of Transactions 
filling many vulnmes, and forming in ttseir a highly valiiuble l,ibrary of 
scicntiiic rofcrenee. by which the same have Iteen made knomi to the 
public, and has formed a Library of Scientilie Works and Collections of 
Models and ApjtaratuB, and that distingnished persona in foreign eomitries 
have availed iLemschcB of the facilities aflorded by the Society for coni- 
municatiup important BcicntiKc and jiractiral diaovcrics, and thus a useful 
interchange of valuable iniormation has Ijeeu effected ; that in particular, 
with regard to ventilalion, the experiments and reseiirehea of the Society, 
which have involved much pecuniary outlay and personal latMinr, 
and the details of which are recorded in the sQceessivo volumes of 
the Sucicty's Transactions, have led to large and important advances 
in the practical knowledge of that snhject, and that the StMitty'a iv- 
Bearches have tended largely to increase the security of lite t Ihnl tlic 
Members of the Society exceed 800 In number, and include a large pro- 
portion of the leading Mining Engineers in the UDite<l Kingdom. And 
WHERKAR in order to secure the property of the Society, and to extend lis 
useful o|>vrutlons, and to give it a more permanent establishment among 
the Scientific Institutions of our Eingilom, we have L'een Itesonght to grant 
to the said LiNiiiUT Wool), and other tlic prewut Members of the Society, 
and to those who shall hereafter become Members (hcn'of, our lloyal 
Cliarter of Incorpoi-ution. Now knuW vk that we, being dcairuiis of 
encouraging a dealgn so laudable and salutary of our special grace, cer- 
tain knowledge, and mere motion, ha^o willed granted, and declared, and 



(iiiii) 

i pKaenta, for ns, our heirg, and saccesaors, will, grant 
declare, that the said Linksat Wooii, and ench dtherg of onr loving enb- 
j'ecte aa are now MemlKTS of the said Society, and such others as Bhsjl 
from time to time hereafter become McmherB thereof, acxiording to eitch 
Bfe-IswB as ehall be made as hereinafter mentioned, and their succesBorEi, 
shall forever hereafter be, by virtue of these preMeiita, one body, politic and 
corporate, by the name of "The North (i? England Ikstitlte ov 
Mimsa Asu Mechanical ExciUEEns," and by the name aforesaid shall 
have perpetual succession and a Common Seal, with full power aud 
authority to alter, vary, break, and renew the same nt their disLTetion, and 
by the same nanie to sue and Iw sued, implead and lie impleaded, answer 
and be answered imtc, in evoi^ Conrt of us, our iieire and siiccetisors, and 
be for ever able and capable in the law to purchase, utM]uire, receive, pos- 
BesB, bold, and enjoy to them and their successors any goods and chattels 
whatsoever, and also lie able aud capable in the law (notwithstanding the 
atatutcs and mortmain) to purchase, acquire, possess, hold and enjoy to 
tliem and their successors a hull or bouse, and any sucli other lands, t«ne- 
menta. or hereditaments whatsoever, as they may deem requisite for the 
purposes of the Siciety, the yearly value of which, including the site 
of the said ball or honse, shall not e![eee<l in the whole the sum of three 
thousand pounds, computing the same respectfully at the rack reut which 
• might have been had or gotten for the same respectfully at the time of 
the purchase or atquisitiou thereof. And wk do hereby grant onr 
especial licence aud authority nnto all and evei'y j*rson and persons and 
bodies politic and corporate, otherwise ecrai>etent, to grant, tell, alien, 
convey or devise iu mortmain nnto and to the use of ttie said Society and 
their BUCcessoTfi. any lands, tenements, or hereditaments not eieeeding 
with the lands, tenements or hereditaments no purchased or previ- 
ously acquired such annual value ns aforesaid, and also any moneys, 
stocks, securities, and other personid estate to be laid out aud disposed of 
in the purchase of any lands, tenement*, ov hereditaments not exceeding 
the like annual value. And wb rraTHBR will, grant, and declare, that the 
aaid Society shall hare tiill power and authority, li'om time to time, to 
sell, grant, demise, eschaiige and dispose of alisolutelj, or by way of 
mortg^e, or othens^ise, any of the lands, ttnements, hereditaments and 
possessions, wherein they have any estate or interest, or which Ihey shall 
acquire as aforesaid, but that no sale, mortgage, or other dis]Kisition of any 
lands, tenements, or hereditaments of the Society shall be made, except 
with the approbation and concurreuce of a Ueneral Meeting. And our will 
and pleasure is, aud we further grant and declaie tliat lor the lictt^r iiile 



and government of the Society, and the direction and management vf the 
concerns thereof, tliere Khali be a Council of the Society, to he appointed 
from araonfr the Members thereof, and to iiidiide the Preeidcnt and the 
Vice-Presidents, and biicIi other nfflce-bcari'ie nr pout office -liearera as may 
be directed by such Bye-luna as hereinafter mentioned, but so tlmt the 
Council, including ell ex-offieio Members thereof, shall consist of not more 
than forty or Icm than twelve Members, and that (he Vice-Presidents shall 
be not more than six or less than two in number. Akd wb do hebebt 
FTRTHBR will and declare that the said Likdhay Wood shall be the fiiBt 
President of the Society, and the persons now being the Vice-Presidents, 
and the Treasurer and ii^retary. shall l« the first Vice-Pn*identfl, and 
the first Ti'casurer and Secrelaiy, and the persons now being the Members 
of the Coimcil shall be the first Members of tlie Council of the Society, 
and that they reR|iectfully slmll continue bdcIi until the tii-st election shall 
be made at a (Jeneml Meeting in pursimnce of these presents. Akd we 
DO BKBEBT ntitTiiER will and declare that, snbjeet to the powers by 
these presents rested in the General Meetings of the Society, the Council 
shall have Che management of the Society, and of the income and property 
thereof, including the appointment of otTicors and servants, the delinition 
of their duties, and Iho removal of any of such uflicers and servants, and 
generally may do all such actH and deeds as they shall deem necessary or 
fitting to be done, in order U> CWTJ into full opernti<.m and effect the 
objects and purposes of tlie Society, but so always that the same be not 
inconsistent with, or repugnant to, any of the provisions of this our 
Charter, or the I awb of our Keolm, or any Bye-law of the Society in force 
for the time Itving. And we uo kurthkk will and declare that at any 
General Meeting of tlie Society, it sliall be lawful for the Sudety, subject 
as hereinafter mentioni-d, to make such Bye-laivs as to them shall seem 
necessary or proper for the regulation and good government of the Society, 
and of the Members and affairs thereof, and generally for carrying the 
objects of the Society into fiill and complete elTcct, and partietdarly (and 
without it« being int«nded hereby to prejudice the foregoing generality), 
to make Bye-lans for all or any uf the purposes bereinaft«r mentioned, 
that is to say: for fixing the number of Vice- Preside nts, and the nnmber 
of Members of which the Council shall consist, and the manner of electing 
the President and Vice- Pitsi dents, and other Members of the Council, 
and the ))eriod uf their continuance in cjffiee, and the manner and time 
of supjilying any vacancy therein ; and for regidating the times at which 
General Meetings of (he Society and Meetings of the Council shall lie held, 
and fur convening tbu unu' uid regulating the prooecdiitga thcrcul, and 
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for regnlatingr the manner of admitting pereoDS to be UemberB of tba 

Society, and of removing or expelling Merabcre trom the Society, and 
for imp<ising reasonable fines or penalties for n on -performance of any 
eueh Bye-Iawfl, or for disobeilienct thereto, and from time to time to 
annul, alter, or change any such Bye-laws bo always that all Bye- 
lawa to be made as aforesaid bo not repugnant to these presents, or to 
any of the laws of our Realm. AsD WB do fuhthkr will and declare 
that the present Rnlea and Regulations of the Society, so far as they 
are not ineonsist^nt with these presents, shall continue in force, and 
be deemed the Bye-lawa of the Society until the same Bhall be altered 
by a General Meeting, provided always that the present Rules and Ri'gu- 
lations of the Society and any future Bye-laws of the Siwiety so to be 
made ax aforesaid shall have no force or effect whatsoever until the same 
shall have been approved in wi'iting by our Secretary of State for the 
Home Department. In witsess whereof we have caused these our 
Lettejib to be made Patent. 

WitncHS Ourself at our Palace, at Westrainstcr, Ibis 28th day of 
November, in the fortieth year of our reigu. 



By Her Majesty'* 



Command. 

CARDEW. 



THE NORTH OF ENGLAND INSTITUTE 



MINING AND MECHANICAL ENGINEERS. 



BYE-LAWS 

PASSED AT A QESKRAI, MEETISa ON THE ir.TH JUSE. 1877. 



1, — The membcra of the North of England Iriatittite of Mtniuf; and 
Mechanical Engineers ehull consiat of four claasca, viz.: — Originiil Mem- 
bers, Ordiuarj MeniberB, Aasociate Mcmbera, and Honorary Mumbere, 
with a class of Students attached. 

:•, — Oe!gisal JIembers shall be those who were Ordinary Members 
on the l8t of August, 1S77. 

3. — Ordisaey -Members, — Every candidate for admission into the 
class of Ordinary Members, or ft-r transfer into that elaw, ehall come 
n-ithin the foDowing conditions: — He shall be more than twenty -eight 
years of age, have been regularly educated as a Mining or Mechanical 
Engineer, or in sfjme other recognised branch of Engineering, according 
U) the usual routine of pupilage, and liuve had subsequent empluyment 
for at least five years in some responsible situation as an Engineer, or 
if he hsa not undergone the usual routine of pupilage, lie must have 
practised on his own account in the profession of an Engineer for at least 
five years, and have acquired a considerable degree of eminence in the 
aamc. 

i. — Associate Meuubrs shall be pei'sons practising as Mining or 
Mechanical Engineers, or in some other recognised branch of Engineering, 
and other persons conueuted with or interested in Mining or Engineering. 

5. — HosoHAHV Membees shall be persons who have distinguished 
themselves by their literary or scientific attainments, or who have made 
important co mm imi cations tu the Society. 

6, — Students shall be pereous who are qnalifying themselves for the 
profession of Jliniug or Mechanical Engineering, (jf some other of the 
recognised branches of Engineering, and such persons may continue 
i^tudente uutil thi'y attain the age of twenty-three years. 
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7. — ^The nnnnal BubBcription of ench Original Miiraber, and of each 
Ordinary Member who was a Student on the Ist of AiiKiiat, 1X77, shall 
be £2 28., of each Ordinary Member (ejtcept aa lost meotionod) £3 3a., 
of each Aaswiate Member £2 2s., and of each Student £1 Is., payable 
iij advance, aiid shall be considered due on election, and after^riirds on 
the fii-st Sttturdiiy in AiifjiiBt of each year. 

t*. — Any Moinher may, at any time, compound for ull future Mub8cri[j- 
tions by a payment uf £25, where tbe aauuiil subscripUon ia £3 3s., 
and by a payment of £20 where the annual subscriptioo is £2 2a. All 
peraina so comjKtunding shall be Original, Ordinary, or Associate 
Members for life, as the case may be ; but any ABS'x^iate Member for life 
who may art«nvarJa desire to become an Ordinary Member for life, may 
do 60, after being elected in the manner described tu Bye-Ian- 13, and on 
payment of the furlher sum of £^. 

!l. — Owners of Collieries, Kngiiieers, Maiiufaetiirers, and Employeni 
of labour geiieraUy, may subscribe aimually to the funds of the Institute, 
and each sneb subscriber of £3 I's. annually shall be entitled to a ticket 
to admit two persons to the rooms, library, meetings, lectures, and public 
proceediTigB uf the Society ; and for every additional £2 28., subscribed 
annually, two other persona shall Ixt adnus6il>lc up to the number of ten 
jxsrsons ; and eai-h such Subscriber shall also be entitled for each £2 2e, 
Hulwcription to bive n copy of the Proceudiugs of the Institute sent to him. 

10. — lu cnae any Member, who has been long distinguished in his pro- 
fuuionnl enreer, lieeomes unable, Irom ill-health, advanced age, or other 
Bullickiit cause, t« carry on a lucrative praetiiv, the C<»nHcil may, ou the 
rep<)rt of u Sub-Committee appointed for that |>ur[Ki8e, if they find good 
fvftsiin for the remission of the annnnl subscription, so remit it. They 
may also remit any arrears which are dne from n member, or they may 
accept from bim a ciillectiun of books, or drawin>^, or models, or other 
contributions, in lieu of the composition mentioned in Bye-law 8, and 
may thereupon constitute him a Life Member, or permit him to rvsnme 
his former rank in the Institute. 

II. — Persons desirous of becoming Ordinary Members shall be |irojK>aed 
and recfiiiimi^nded, occording to the Form A in the Appendix, in which 
form tlie name, usual resilience, and qualifications of the caiididato 
shall Ik- distinctly siwcificd. This form must ht- signed by the jirnp-iser 
and at least five other Memlwrs certif^-ing a jiersonnl knowledge of the 
caiididalo. The proposal so muilii lieing deliven'd tu the JSenetury, ehidl 
be submitted to Ibe Council, who on approving the qualifications shall 
determine if the candidate is to be presented for ballot, and if it is so deter- 



mined, the ChBiminii nf the Council shull eign such opprobatioii. The 
same shall lie read at the next Ordinary (reneml Meeting, and afterwards 
be placed in some conspiuiions gituntion until the following Ordinary 
General Meeting, wheti the candidate shall \k halloted for. 

12. — Persons desirous of being admitted into the Institute as Associate 
Members, or Students, shall be prapoiied bj three Memliers; Hononu; 
Members shall be proiioBed by at least five Members, and shall in addition 
l>e recommeuded by tlic Council, who shall also have the power of defining 
the time during which, and the circnmatanucs under which, they shall be 
Honorary Members. The nomination shall Ije in writing, and signed by 
the propo8L-rs (according to the Form B in the Appendix), and shall be 
submitted to the first Ordinary General Meeting after the dat* thereof. 
The name of the persim proposed shall be exhibited in the Society's room 
until the next OrdinEUy General Meeting, when the candidate shall be 
balloted for. 

18. — Associate Members or Students, desirous of becoming Ordinary 
Members, shall Iw proposed and recommended according to the Form 
in the Apijcndix, in which form the name, usual residence, and qualifi- 
cations of the candidate shall be distinctly specified. This form must 
certify a personal knowledge of the candidate, and be signed by the 
proposer and at least two -other Members, and the proposal shall then 
be treated in the manner described in Bye-law 11. Students may become 
Associate Members at any time after attaining the age of twenty-three 
on payment of an Associate Member's subscription. 

14. — The balloting shall be conducted in the following manner: — 
Each Mcmlicr attending the Meeting at which a ballot is to take 
place shall be supplied (on demand) with a list of the names of the 
persons to be balloted for, according to the Form D in the Appendix, 
and shall strike out the names of such candidates as he desires shall 
not be elected, and return the list to the Bcmtineers appointed by the 
presiding Chaiiman for the purpose, ami snch scmtineere shall examine 
the lists so returned, and inform the meeting what elections have been 
made. No candidate shall be elected unless he secures the votes of two- 
thirds of the Members voting. 

15. — Notice of election shall bo sent to every jierson within one week 
aftflr his election, according to the Form E in the Appendix, enclosing 
at the same time a copy of Form F, which sliall be returned by the 
person elected, signed, and aeeompanied with the amount of his annual 
subscription, or life comjiosition, within two months irom the date of 
snch election, which otherwise should become ^'oid. 
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16. — Every Oniiimiy Memhcr elected linvinff sifnied^a dedamtion in 
the Fomi F, and having likewiee made the proper payment, shall receive 
a certifiiato of hU flection. 

17. — Any person whose aubBcriptifJii ia two yenre in anear shall bo 
re|n>ried to the Ojuiieil, who shaU direct application to \k made for it, 
according to the I-'urin 11 in the Appendix, and in the event of 
its continuing one month in arrear aft^T snch applicniion, the Council 
ehall have the power, ailer rcmonsti-ance by letter, according to the 
Form H in the Appendix, of declaring that the defanltcr has ceaaed to be 
a member. 

18. — In case the expulsion of any person shall be judged expedient 
by ten or more Members, and they think fit to draw op and sign 
a propfisal requiring snch expulsion, the same being delivered to the 
Secretary, shall be by him laid before the Conned for consideration. If 
the Council, after due inquiry, do uot End reason to concur in the pro- 
posal, no entry thereof shall be made in any minntcs, nor shall any public 
discussion thereon be permitted, unless by re(iui8ition signed by one-half 
the Members of the Institute ; but if the Council do find good reason 
for the profKJsed expulsion, they shali direct the Secretary to address a 
letter, nccordiug to the Form ! in the Appendix, to the person proptjsed 
to be expelled, advising him to withdraw from the Institute. If that 
advice Iw followed, no entry on the minutes nor any pnblic discussion on 
the subject shall be permitted ; but if that ulvice be not followed, uor an 
explanation given which is satisfactory to the Council, they shall call a 
General Meeting for the purpose of deciding on the ((uestioTi of ex- 
pulsion : and if a majority of the persons present at such Meeting 
(provided the number so present be not less than forty) vote that such 
person Iw expelled, the Chairman of that Mec'ting shall declare the 
same acoordingly, and the Secretary shall communicate the same to tlie 
person, atx.-ording to the Fonn J in the Appendix. 

H>, — The Officers of the Inatitnte. other than the Treasurer and the 
Secretary, ahall tie elected from the ttriginal. Ordinary and AsaiKntito 
Members, and shall consiot of a President, six Vice-Presidents, and 
eighteen C-ouncillors, who, witli the Treasurer and the Secretary (if Mem- 
bere of the Inatitute) shall constitnte the Coimcil. The IVesidcnt, Vico- 
Presidcnls, and Councillors studi l>e elected at the Annual Meeting in 
August (except in caeca of vacanciee) and shall be eligible for re-election, 
with the exception of any President or Vice-President who may have 
hold office for the three immediately preceding years, and such six Coun- 
cillorB as nuy have attended the fewest Council Meetings during the post 



kT; but Buch Members sfaall be eligible for re-eleution after being a 
year out of office. 

20. — The Trenaurer »ud tlie Secretary shttil be nppointed by the 
Council, and Bbalt be removable by the Countil, subject to appeal to a 
0«neral Meetinj;. One and the same perBon may hold both these offices. 

21.— Each Original, Ordinary, and ABS(K;iate Member shall be at 
liberty to iiominak! in writing, and send U< the Secretary not less than 
eight dap prior to the Ordinary General Meeting in June, a list, duly 
signed, of Membera suitable to till the ufficcs of President, Vice-Presidents, 
and Members of Council, for the ensuing year. The Council shall prepare 
a list of the persona so nominated, together with the names of the Officers 
for the i;ui7'ent year eligible for re-election, and of such other Members as 
they deem suitable fur the various offices. Such list shall comprise tlie 
names of not less than thirty. The list so prepared by the Council shall 
be submitted to the General Meeting in June, and shall be the balloting 
list for tlie annual election in August. (See Form K iu the Appendix.) 
A copy of this list shall be posted at least seven days previous to the 
Annual Meeting, to eveiy Original, Ordinary, and Associate Member ; who 
may erase DJiy name or names from the list, and snbatitutc the name (^ 
names of any other person or persons eligible for each respective office j 
but the unmber of persons on the list, after such erasure or substitution, 
mmt not exceed the number to be elected to the reB])ective oRices. Papere 
which do not accord with these directions shall be rejected by the scruti- 
neers. The Votes for any Members who may not be elected Preeident or 
Vice-Presidents shall count for them as Members of tlie CouTicU. The 
Chairman shall appoint four scrutineers, who shall receive the balloting 
papers, and, after making the necessary ficrutiny, destroy the same, and 
sign and hand to the Chairman a list of the elected Officers. The balloting 
papers may be returned through the post, addressed to the Secretary, or 
be handed to him, or to the Chairman of the Meeting, so as to be received 
before the appointment of the scnitinecrs for the election of Officers. 

22. — In case of the dec-ease or resignation of any C)fficer or Officera, 
the Conncil, if they deem it requisiU,' that the vacancy shall lie filled up, 
shall present to the next Ordinary General Meeting ii list of pei-sons whom 
they nominate as suitable for the vacant i.iffias, and a new Officer or 
Officera shall be elected at the succeeding Orduiaiy General Meeting. 

23. — The Pi-eaident shall take the chair at all meetings of the 
Institute, the Council, and Committees, at which be is present (he 
being n--qfficio a member of all), and shall regulate and keep ordej in the 
proceedings. 
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. — In the Bbaeiicc of the President, it shall be the d 
senior Vice-President present to preside at the meetings of the Institute, 
lo keep order, and to ri'pulate the proceedings. In case of the absence 
of the President nnd of all the Vice-Presideuta, the meeting may elect 
any McTnbei' of C.'tiuncil, or in case of their absence, any SleniUer jiresent, 
to take the chair at the meeting. 

25. — The Council may app<iint Committees for the purpose of transacts 
ing any particnliir husinese, or of investigating specific subjects connected 
with the objects of the Institute. Sndi Committees shall report to the 
Council, who shall act thereon as they see occRsioii. 

2G. — The Ti'eosurer and the Hccretaiy shall act nndcr the direction 
and control of the Council, by which body their duties sliall from time to 
time be defined. 

27. — The Funds of the Society shall i» deposited in the bands of tho 
Treasurer, and shull be disbursed or invested by him according to the 
direction of the Council, 

28. — The Copyright of nil papers communicated to, and accepted for 
])rinting by tho Council, and printed within twelve months, shall become 
vested in the Institute, and such commnnicatious shall not Ik; (lublished 
for sale or otherwise, without the written pcniiission of the t^onncil. 

2!l, — An Ordinary (lencral Meeting shall be held on the (irst Saturday 
ofevcry month (except Jannary and Jnly) at two o'clock, unK'SB otherwise 
determined by the Council ; and the Ordinary Geuoral Meeting in the 
month of Aupist shtdl l)e the Annual Meeting, at which a rciiort of the 
proceedings, and an abslrBcl of the accounls of the )ireWous year, shall 
be presented by the Council. A Sjiecial General Meeting shall be called 
whenever the Council may think lit, and also on a reciuisitton to the 
Council, signed Iiy ten or more Members. The business of a tSpeciul 
Meeting shall be confined to that specified in the notice «}nvening it. 

SO. — At meetings of the Cnuncil, five Hhall be a iiuorum. The 
minutes of the Council's proceediiigH shall lie at till times open to the 
inspection of the MeinberH. 

.SI, — All Past-Presidentfl shall be ex-offieio Membeiv of the Coimcil so 
long 88 tliey continue Memlicni nf the Institute, and Vi<%- Preside nts who 
have not been re-elected or have lieoome ineligible from having lield otticc 
fur three consecutive years, shall be ti-offieio Membem of the Connoil for 
the following year. 

32, — Every ijuestion, not otherwise provided for, which sliall come 
before any Meeting, shall be decided by the votes of the majority of the 
Original. Ordinary, and AMociate Memlxr* tlien present. 



g.— All papers shall be sent for the apprtival i>f the Council ttt least 
twelve days before a General Meeting, and after approval, shall be ruad 
before the Institute. The Council shall also direct whether any paper 
read before the Institute shall be printed in the TmnEactioua, mid notice 
shall be given to the writer within one month after it has lieen read, 
whether it is to be printed or not. 

84. — All proofs of reports of diBcussioLS, forwarded to Members for 
correctioii, must be returned to the Secretary within seven days from the 
date of their receipt, otherwise they will be conBidcred correct and be 
printed ofT. 

S5, — The Institute is not, as a bodyi responsible for the statemeiits 
and opinions advanced in the ])a|K'ra which may ■« read, nor in the dia- 
euBflions which may take place at the meeting of the Institute. 

3G. — Twelve copies of each paper printed by the Institute ahall be 
presented to the author for private use. 

87. — Members elected at any meeting between the Annual Meetings 
shall be entitled to all pajjers issued in that year, so soon as they have 
signed and returned Form F, and paid their subBcriptions. 

38. — The Tr'ansactions of the Institute shall not be forwarded to 
Mumbers whoeu Bubscriptiuns are more than one year in arrear. 

Si). — No duplicate copies of any portion of the Transactions shall be 
issued to any of the Members unless by written order from the Council. 

iU. — Invitations shall be forwarded to any person whose presence at 
the discuBsiuns the Council may think advisable, and strangers so invited 
shall be permitted to take part in the proceedings but not to vote. Any 
Member of the Institute shall also have power to introduce two strangers 
(sec Form L) to auy General Meeting, but they shall not take part in the 
proceedings except by perraisBion of the Meeting. 

41. — ^Nij alteration shall be made in the Bye-lawa of the Institute, 
except at the Annual Meeting, or at a Special Meeting for that purjioae, 
and the particulars of every such alteratiou shall be amiounced at a 
previous Ordinary Meeting, and iusei-ted in its minutes, and shall be 
exhibited in the room of the Institute fourteen days previous to such 
Annual or S]iecial Meeting, and such Meeting shall iiave jiower to adopt 
any nirxlificatioii of such propowd alteration of the Bye-laws. 

Approved, 

R. ASHHETOK CROSS. 



i«il Julg. 1877. 
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APPENDIX TO THE BYE-LAWS. 



[FOKM A.] 

A. B. [Christian Xame, Huniaine, Occupation, atid Addi'csit in fiill], 
Ix-ing upwards of twenty-ciglit reare of Hge, ami desiruus of being elected 
an Ordinary Member of the North of England liistitntc of Mining and 
Mn-lmnicol Engineers, I recommend him from jxTfonn! knowMge as a 
person in every respect worthy of that distinction, because — 

IHere tprcj/'f diilinclly (*r yuatifii-atiOKt of the Candidatf, according lu Ihe tpiril 
of Bgt-Utw 3.-] 

On the above grounds, I beg leave to pniposc him to the Council as 
« pro|Mir person lo be admitted an Ordinary- Member. 

Signed _ _ Member. 

Dated this day of 18 

We, the nndersigned, concur in the above recuminendatiuu, being 
i-ouvinivd that A. B. is in cverj- respect s proper person to be admitted 
an ordiuaT7 Member. 



[To ttJIUtd mp ty (A* Owwi/.] 

The Cimncil, liai-ing considerwl the n!>ove revommcndatinn, prewnt 
A. B. to Ite balloted for as n of the North of England Institute 

of Mining and Mechanii^ Knginevni. 

Bigncni Chairman, 



Dated this 



day of 



18 



(hr) 

[FORM B.] 

A. B. [Christian Name, Saniarae. Occupiitiou, and Address in full], 
being desirous of udmiHsiou into the Nortli of England Inalitute of Mining 
and Mechouical Engineers, we, the undersigned, propose and recommend 
that he shall become [an Htmorary Member, or an Afisociate Member, or 
a Student] thereof. 



Three" 
Members. 



[To be filled «;. bg Iht CoawiV.] 

The Council, having considered the above recommendation, present 
A. B, to be balloted for aa an Honorary Member of the North fif England 
Institute of Mining and Mecbauical Engineers. 

Signed Ohairman. 

Dated day of 18 



[FORM C] 

A. B. [Christian Name, Surname, Occnpation, and Address in fall], 
being at present a of the North of England Institute of Mining 

and Mechanical Engineers, and upwards of twouty-eight years of age, and 
being desirous of becoming an Ordinary Member of the said Institute, I 
recommend him, from personal Imowledije, as a person in every respect 
worthy of that distinction, because — 



On the alrave grnnnds, I beg Seave to propose him to the Council as 
a proper person to be admitted an Ordinary Member. 

Sigued . -Member. 

Dated this day of 18 

We. the undersigned, concur in the above recommendation, being 



(l7i) 

conrJDOCd that A. B. is in every respect a projier penwin to be ailnttted 

ail Ordinary Member. 



I Mem berg. 



[Ta iejitled up iy lie Council.] 

The Council, haviiig considered the above recommendatiun, preEeut 
A. B. to be balloted for as an Ordinary Member of the North of England 

Institute of Miniii;; and Mechaiiieiil Engineers. 

Signed Chairman. 



[rOEM D] 

List of the names of jxirsons to be balloted for at the lleuting on 
. the day of 18 

Obdinart Mgkbbrs: — 



Absooutb Members:— 



HOSOBABT MbmBEBS:— 



Strike out the names of such iwrsons as yuu desire slmuld not be 
elected, and hand tlie list to the Chairman. 

[FORM E.] 

Sib, — I beg leave to inform yoii that on the dny of 

you were elected a of the North of England Institute of 

Mining and Mechanical Engineers, but in conformity with its Rules your 

•lection cannot be confirmed nnUI the enclosed form be returned to me 



(Mi) 

f iig&ature, and until your fiist onnnal Bnbscripdon be paid, the 
amount of which is £ , or, at your option, the life-composition 

If the Bubscription is not received within two inontha from the preeent 
date, the election will become void under Byc-!aw 15. 
I am. Sir, 

Yirnra faithfully, 

Secretary. 



[FORM F.] 

I, the undersigned, being elected a of the North 

of England Institute of Miniag and Mechanical Engineers, do hereby 
agree that I will be governed by the Charter and Bye-laws of the 
said Institute for the time being ; and that I will advance the objects 
iif the Institute as far as shall be in my power, and will not aid in auy 
unanthorised publication of the proceedings, and will attend the meetings 
thereof as oilen as I conveniently can ; provided that whenever I shall 
signify in writing to the Secretary that I am deairoua of withdrawing my 
name therefrom, I shall (after the payment of any arrears which may be 
due by me at that period) cease to be a Member. 

WitneRS my hand this day of 18 



[FORM G.] 
SiE, — I am directed by the Council of the North of England luatitute 
of Mining and Mechanical Engineers to di-aw your attention to Bye- 
law 17, and to remind you that the sum of £ of your oimnal 
Hubacriptions to the funds of the Institute remains unpaid, and that you 
are in consequence in arrear of Bubscription. I am also directed to 
request that you will cause the same to be paid without further delay, 
iitherwise the Connci! will be under the necessity of exercising their 
discretion as to using the power vested in them by the Article above 
referred to. 

I am. Sir, 

Yours faithfully. 

Secretary. 
Dated 18 

h 




(Iviiij 
[FORM H.] 

SiH, — I am directed by the Council uf the North of England iBstitutt 
o" MiniDK and Mechanical EngiDcers to inform yon, that in conBequun<.-i' 
of non-puyiDcnt of your arrears of Bubscriptiiin, and in pureuaiice nl 
Bye-law 17, the Council have determined that unlese payment of thi' 
amount & it made preriona to the day of 

next, they will proceed to declare that you have ceased tu be a lilcmlier i >l 
the Institute. 

But, notwithstanding this declaration, you will rc-main liable for \ay- 
mcnt of the arrears due from yon. 

t am. Sir, 

Yuura faithfully, 

Secretfiry. 
Doted 18 



»itt. 



[FORM I.] 
-I am directed by the Council of the North of England Inatitulo 



iif Uining and Mechanical Engineers to infirm yon that, upon matutc 
consideration of a pro^viBul which baa been laid l>efore them relative u- 
yon, tbey feel it their duty to advise you to withdraw from the Institute', 
or otherwise tbey will be obliged to act in accordance with Bye-law 18. 
I am. Sir, 

Yours faithfully, 

Secretary. 
Dktod 18 



[FORM J.] 

fSiH, — It is my duty to inform you that, under a resolution passed at u 

Special General Mec-ting of the North of England Institute of Mining 

and Mechanical Engineers, held on the day ol 

18 , according to He provisions of Byc-Iuw \*i. 

you have ceased U) l« a Member of the Institute. 

I am. Sir, 

Yonrs faithfully, 

Sitcrt'tar}-. 
DUed 18 
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Ballot to t«k^ pUw at the Moling of 18 at IVo o'Oocli. 
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Namw labstitittoil for uiy of tbe above are to be written in the bUnk 
■piieei oppoiite thoM the; &re intended to supemde. 
The folloiring Moroben mrs ineliphle froin cHues gpeoilleil in 
B;c-Uw 19 i— 



Ab Tici-PBUIDSirT — 



[FORM L.] 



Admit 



to the Meeting on Satnrdny, the 
(Signature of Member or Student) 

The Chair to be taken at Two o'Clock. 
[ undertake to abide by the Regulatious of the North of England Institale 
uf Mining and Mechanical Engineers, and not to aid in any unnuthiiriBed 
fiubbcutiun uf the Proceedings. 

(Signatore of Visitor) 
Not transferable. 



NORTH OF ENGLAND INSTITUTE 



MINING AND MECHANICAL ENGINEERS. 



GENERAL HEETINQ, SATURDAY. SEPTEMBER &ru, ISTfi, IN THE 
WOOD MEMORUL HALL, NEWCASTLE-UPON-TYSE. 



I 



The Secrbtast i-ead the minutes of the last meeting and the mintitoa 
of the Council meetingH, 

The following gentlemen were ele<iedT — 

Hr. EuwABii Fbbdekick BbIiL, 13, Old Elvet, Dnrluim. 

Mr. WiLTEB Scott, Com«ay Ciilliarj, Laiichestcr. 

Mr. W. 0. BAruQAUT^tKB, Eiwt Uettun Colliury, Coihoe, Co. Durbam. 

Mr. W. J. S. ToBiiKH, Elewick CoUierj, Newcagtle-on-Tyne. 

The following wore nominated for election at the next meeting: — 

OSDINARY MBMBBE — 

Mr. C. Ebkbst Bbll, Park Honse, Duriiam. 

AaaoctATE Mbubeb — 
Mr. Obobob Titbhedu, Sealiaiii Collier;, Seabsta HarboDT. 

SnniBSTB— 

Mr. AXFBBD Cbawfail CnAFMAK, Silkawprtli Hall, Sunderland. 
Mr. HiTQE Bbahwbll, Tynemoath. 

Mr. Wm. Ccthbkkt Mubray, So. Donvcnt Colliery, Annfleld Plain, 
ma Lintz Orecn Statjon. 

The Sechetart read the foUo«ing paper by Mr, John Daglish, " Oi 
an Improved Automatic Expansion Gearing for Winding Enginea:" — 



BXPANSION GEAIUNG FOR WINDING ENGINES. 



ON AN IMPROVED EXPANSION GEARING FOR WINDING 
ENGINES. 



Br JOHN DAOLISH. 



Ik a memoir published iu Volume XXV. of the TraDBactions, page 201, 
the writer described fully the espauaion gearing of the large winding 
engine at Silkaworth Colliery, manafactured by Mr. Barclay, of Kilmarnock. 

Since thou the members of the Institute hare had the opportonity of 
seeing several other applications of esfjansion gearing on winding engines 
at the coliieriea in the north of France, and at the Paris Exhibition of 
1878. 

Any arrangement for working winding engines expansively ought to 
poBseea certain f]ualificationa. The mechanism must be aimple, and under 
the immediate control of the eogineman, so as to enable him to work with 
fhU flteam, not only when changing the tubs, but at any other time when 
he reqatres the engine to work at full power. These requirements, 
coupled with the fact that the engine is reversed each winding, and also 
requires to be worked with fiill steam for several strokes at the com- 
mencement and termination of the winding, cause the difficulty iu the 
application of expansion to these engines. 

The gearing of the Silksworth engine, as described in Volume XXV., 
met these requirements, aud being controlled by the same handle, F, 
Plate I., aa the link, it was necessarily brought into play every winding, 
which is not the case with a number of other appliances for this pnrpose. 
The only drawback, however, to that expansion gearing was that it 
was a fixed " cut off," i.e., whilst it was capable of being adjusted with 
great fedhty by simply turning a screw at the end of the trippet K on the 
valve lever, it nevertheless required special adjustment, with the engine 
at rest, whenever it was desired to alter it. The expansion mechanism 
therefore was under the control of the cngineman only so far that he could 
use it, or not, at will. 

Eecontly, a fui'ther important addition has been made to this valve 
gearing by substituting moveable wedges for the former Bcrewa at K, and 
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coonecdng these to a heavy goremor B (see Plate I.), aud the mechaniBm 
is uoir not only variable throughout the entire winding but is also sQt<jmatic, 
it being so arranged that the " cut off" can be reduced by the handle D, 
independently of the governor, by means of the travel allowed between the 
nute L and M, the nut M being always kept up against the governor lever 
N by means of the weighted weigh bar X ; at the same time, should the 
engine ever run beyond a certain point fixed by the mauoger of the col- 
liery, the governor takes posseeston of the expansion gearing and cuts off 
the steam as much as may be required, and reduces the velocity again. 

Practically the working of the mechanism is as follows : — At the 
commencement of the winding, and for about four revolutions, the engine 
travels with full steam to accjuire a rapid velocity. When the maximum 
velocity has been acquired, the governor rises, depressing the rod L P, 
and the lever X, and this alters the position of the wedges C, and so 
varies the cut off, It will be seen in reference to Figs. 2, 3, and 4, 
Plate I., that the amount of cut off is regulated by raising the end E of 
the trippct P, which causes Che other end to slip earlier, or later, off the 
end R of the lever Q. This adjustment was formerly made by means of 
a screw at K, which had to be adjosted when the engine was at rest; 
now, however, the requisite alteration is made by the wedges C raising 
the roller 0, which has been secured to the lever. This new cut off 
arrangement is specially nsefnl when the engine is used for pumping 
water at nights. Prior to the introduction of this recent mechanism, a 
limited quantity of steam only was admitted by means of the throttle 
valvo; now tiie quantity of steam is adjusted by the variable " cut off," 
and the engine can be made, by means of the small handle D, to travel 
at any velocity that is required without giving the engineman any more 
trouble than in turning off the throttle valve. In tliis case, of oouree, 
the governor never comes into play. 

It will be observed that there are no springs about the mechanism of 
this " cat off," or anything that can by any means go wrong. The old 
arrangement bos been in constant operation for five years, drawing up- 
wards uf a thousand tons a day, and there has never been the slightest 
derangement or accident of any kmd. 

The Indicotiir Diagrams, given with this improved eipanatoa gearing, 
are H{)ecially interesting. (See Figs. 5 and 6, Plate I.) It will bo 
observed that when working at full pressore both the steam ports or pipes 
and the exhanst ports or pipes, although they were specially enlarged for 
tliis engine, are too small, like those of nearly all engines of great siic. 
'Ube oooaeqiieiioe is, that when working during the first lour sUxikos with 
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fiill steam, there is a great loss by back pressure, especially at the end of 
the stroke, which is almost entirely removed as soon as the quantity of 
steam used in each stroke is reduced by the " cut off." In the same way, 
as soon as the "cut off" comes into operation, the initial steam pressure 
in the cylinder increases, the result being that the area of the sixth 
_rtroke, when cutting off all the steam at two-thirds, is larger than when 
g^at full steam. 

The practical advantages gained by this improved "cat off" over the 
former system are : — 

1st. — The use of a less quantity of steam. 
2nd. — Saving the violent osdllationa of the ropes, and so lengthen- 
ing their duration. 
8rd. — Increased safety by the prevention of over-fast winding, 
4th. — Incroaaed output owing to the regularity of each winding. 
In ordinary engines the speed of one winding with 
another varies greatly, as much as twenty seconds; 
whilst with the improved "cut off" the speed is always 
the same. 



The CHAittMAJi aakcd if any gentleman had any inquiry to make of 
Mr. Daglish by way of further elucidating his paper. They ought all of 
them to be very much obliged to Mr. Daglish for the trouble he had taken 
in describing to the members the latest improvements that had been 
added to that very valuable engine which was almost unique in its powers 
and application. 

Mr. J, A. Q. Ross remarked, that the diagrams indicating the effect of 
the steam during the first few strokes showed a large amount of throttUng 
on the eihaust aide, and he thought that the espansive apparatus might 
have been applied at first with equal effect. 

Mr. Daglish said,. he had mentioned in the paper that this was a 
defect in the engine, for although the exhaust ports had been made 
especially large, they were still not large enough for the great speed 
at which the engine worked. The average speed of piston during the 
whole ascent was 3-10 feet a minute, and when at the fourth stroke 
the engine was running much quicker. The diagram would show 
that in the first stroke there was much jnore preesure on the cyUnder 
to begin with, and much less back pressure than on the fourth, becauaa 
the engine was then not running so rapidly, and it was just at that point 
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that the governor came into play. The improTement in the lessened 
oscillation of the ropes was very marked, and was much more than was 
anticipated ; so indeed was the regolarity in the time occupied by each 
ascent. Until he had carefully watched the engine on many occasions 
unobserved by the engineman, he had no idea that there had been such a 
difference between the time spent in each lift, but since the governor has 
been in operation each successive lift is made in almost precisely the same 
time. 

The Chairman proposed a vote of thanks to Mr. Daglish. 

Mr. A. L. Steayenson said, he had much pleasure in seconding the 
vote, which was unanimously accorded. 



Mr. W. J. Bird then read the following paper '* On Condensation in 
Steam Pipes:" — 



\ 
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COirOEVSATIOII IS STBAU PIPEB. 



CONDENSATION IN STEAM PIPES. 



Bt w. J, niRTI, 



It 18 a well-ltnowii fiict that, ivheu steam is conveyed a distance through 
pipes, there is a great loss by condensfttiou ; and it in with the view of 
diminishing thU Iosh that the device of clothing cylindera, boilers, and 
steam pipes with a non-conducting envelope, has long been practised in 
the Northern Coal-field. Now-a-days, when steam is supplied from the 
surface through a great length of pipes to underground engines, the neces- 
sity for this clothing becomes of special importance. There are various 
substances nsed, of wb"ch felt is the most efBeient, but sHwdust, fir wood, 
and coal ashes, give very good results. Their comparative efficiency is 
shown in the accompanying table, in which the diameter of the steam pipe 
is assumed at 4 inches, it« temperature at 212 degrees Fahr., and the 
temperature of the surrounding air at 60 degrees Fahr. 
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This table shows the effect of increaaing the thicknesa of the non- 
conducting envelope, hut this thickness has an economical limit, inde- 
pendent of the increased coat of material. Take the case of the four-inch 
pipe encased with two inches of felt. The total diameter will be 8 inches. 
Supposing it encased with 6 inches of felt, (he total diameter will be 16 
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inches. The mirfaceB of the pipes wilt then be in tho proportion of 8 to 
16, or 1 to 2. With the 2 Inches of felt tlie table shows the outside 
temperature to be 73 degrees, and with the 6 inches thickness 6S-6 
degrees. Thne, while 94 degrees is gained by the increased thicknen, 
the cooling surface is increased twice, and the gain thus becomes illuBory. 
At Wingate Colliery, early in 1876, there was erected one of Davey's 
underground differential pumping engines, which necessitated the use 
of B great length of steam pipes from the surface. At first these pipes 
were uncovered, hut in a short time they were clothed with a non-con- 
ducting composition obtained from Mr. E. B. Lyon, of Newcastle. Its 
cost was £2 lOs. per ton, and one ton was sufficient to clothe ten yards 
of steam pipe one-and-a-half inches thick. This envelope was coated 
outfiide with tar and varnish to keep out wet. 



Kff.1. 




A number of experiments were taken 
to ascertain the amount of water con- 
densed in the pipes, buth before and 
after tlie covering was put on, and it 
is to the result of theae experiments 
that the writer invites the attention of 
the members. 

The coiidenBcd water waa collected 
in a receiver placed immediately near 
the engine, Pig. 1, and drawn off at 
rcgnlar intervals, and the rate of con- 
densation was thus obtained with the 
foUoning results: — 
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It was obvious that this result was complimted by the presence of water 

I Btechanically brought over from the boilers. It was tlius ncceseory to find 

le meanfl of ascertaining tlio proportion of the collected water due to 

I ocmdensation only, and this was effected in ttio following manner. Obser- 

* Tstions of the temperature, both of the steam pipes and of the surrounding 

ftir were taken at bank, u., fVom tlie Wilers to the up<»st shaft ; in the 
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upcaat atiafl; and in the drift from the Bhaft to the engine. The follow- 
ing arc the dimensions of the steam pipes and the average temperaturea 
ohserved: — 
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The condensation of water in stfiam pipes is due to the lose of heat by 
these pipes, and the heat lost is partly by radiation to surrounding objcctB 
and partly by the contact of the pipes with the colder surrounding air. 
The !oKB is estimated in units of licat, one unit being the amount neces- 
sary to raise one ponnd of water one degree Fahrenheit in temperature. 

In ascertaining the loss by radiation it must be observed that the 
radiating power of bodies depends on the natnrc of their radiating sarface. 
This power has been ascertained by experiment f<ir many substances. 
Let E bo the radiating power in units of heat emitted per square foot 
per hour when the radiating body has an excess of temperature of 1 degree 
Fahr. For the uncovered steam pipe the value of R is "69, and for the 
covered pipe R is '74 heat unita. Now, for ordinary atmospheric tem- 
peratures, and for small excesses of temperature in the radiating body, it 
may be assumed that the heat loss is simply proportional to that esces8,but 
for considerable excesses of temperature the heat loss iB much greater, that 
is, the heat loss increases in a greater ratio than the excess of tempera- 
ture increases. This ratio has been investigated by Dulong, and by him 
determined lor various temperatures. Now, supposing R to be the heat 
units emitted per squai-e foot per hour for an excess temperature of 1 degree 
Falir. ; D the excess of temperature in degrees Fahr. of the radiating body 
over the absorbent, and r the ratio in which the heat loss increases with the 
increase of D. Then R x D x r is equal to the total loss of heat by radi- 
ation in heat units per square foot per hour. 

The loss of heat by contact of air is independent of the nature of the 
surface. Supposing A to represent the heat units lost per square foot per 
hour for an excess temperature of I degree Fahr. ; tliia quantity has been 
experimentally determined for cylindrical bodies such as pipes ; for small 
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excesses of temperature the heat loss is simply proportioiinl to tliat csoees, 
but with large excesses of tempcratnre, Dulong has sbowii that the heat 
loss increases in a higher ratio, and he has determined tills ratio for vari- 
ous temperatures. Thns, let A be the heat imite lost per square foot per 
hour for an excosa temperature of 1 degree Fahr. ; D the excess of tempera- 
ture of the pipes over the surrounding air; and r' the ratio of increase of 
lose; then A x D x r' is the total heat loss per sqnare foot siirface per 
hour frum contact of ab. 

Thus R X D X r is the heat loss per sqnnre foot per hour &om radia- 
tion, and A X D X r' is the loss per square foot per hour &om contact 
of air, and these quantities ore added together. The heat units lost per 
square foot per hour are obtained; and multiplying this by the square feet 
surface of the steam pipes, the total heat units lost per hour are arrived 
at. Knowing this, and also the specific and latent heat of the steam in 
the pipes, it is possible to calcniatc the amount of steam condensed per 
minnt«, and thus arrive at the loss occasioned by Bach condensation. 

Worked out by this method, the particulars of the steam pipes and the 
observed temperatures give the following results: — 
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This shows a remarkable contrast, the loss of steam being reduced from 
12'IG per cent., when the pipes were uncovered to 1'68 per cent, with 
covered pipes. The loss expressed in actual horse power is 10'2 in the 
first instance, and only TG in the second. This implies a gain of 8*7 
horse power, and if the amount of cool burnt is estimated at 5 lbs. per 
horse power per hour, the saving in fuel is more than nine cwts. per day. 
If the value of the ftiel bnnit is taken at 4s. per ton, the saving in coal 
will be about £85 per annnm. The saving in steam is found to be 07 
cubic feet per minnt«, which means tliat ]<^ boiler |iower will be necessary 
after the pipes arc clothed. This is a very important consideration, for 
an economy is eETucted in the first cost of boilers, in their annual deteri- 
oration, and in the cleaning and R-pairs neccnaty to kceji them in good 
condition. 

As the amount of condensed water is known, and also the totul amount 
of water collected in the rcoeiver, the quantity of water mechanically 
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bronght over from the boilers by the steam can easily be determined. The 
amount of water collected in the receiver was found to be very floctuating, 
requiring a large .number of trials to obtain a correct average. It was 
evident that the quantity of the water condensed would bo regular, and 
that the fluctuation waa in the water mechanically brought over. This 
fluctuation waa found to be greatest when the boilers were being fed, and 
waa also no doubt dne in some measure to irregular firing. Apart from 
these considerations, the amount of tlic water bronght over would depend 
on the velocity with which the steam travels in the pipe. 

However accurate the process may be by which the loss due to oon- 
densation only has been estimated, it would be desirable to have some 
practical test of the result. There are two methods of obtaining this, but 
unfortunately neither of them were applicable to the case under con- 
sideration. 

The first method involves the necesaitj of two receivers, one near tha 
boilers, and the other near the engine. The first receiver will intercept 
all the water mechanically brought over from the boilers, and the second 
receiver will thus collect only the water condensed in the length of eteara 
pipe between the receivers. As there was only one receiver fitted up in 
the case under notice, the above method could not be used. 

The second method does not involve the necesBity of two receivers; bo 
long as the temperatures of the steam pipes and of the surrounding air 
remain constant the condensed water will be deposited at the same un- 
varying rate. Supposing the engine standing, if the steam is shut off at 
the engine only, and the pipes and the receiver left in full communication 
with the boilers, it is evident that the condensed water will be the same in 
amount as if the engine were going, since it dqrends solely on the tem- 
peratures and not at all on the absolute amount of steam passing through 
the pipe ; for as fast as the condensation consumed the steam, the pipes 
would be kept supplied from the boUers, and the steam kept up to the same 
pressure. The steam velocity in the pipe consequent on this movement ia 
so small that practically no water can be brought over mechanically from 
the boilers. The writer was precluded from adopting this method, since 
there was a rise in the level of the steam pipe from the bottom oF the shaft 
through the drift to the receiver. This caused the condensed water to 
collect in the bend instead of coming over into the receiver. But the 
rise waa so small that when the engine was started, the steam velocity in 
the pipe was amply sufficient to bring over all the water to the receiver. 

When there is an uninterrupted fall to the receiver this method will 
give a satisfact^iry result, and if any membere should be in a position 
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actnaily to meaanre the water condensed in steam pipes by either at 
those methodfl, the writer would be glad to receive particulars of snch 
measure men te, to compare them with resuite obtained frum the observed 
temperatures. 

In this case there was a loss of pressure of steam due to friction in the 
pipes efjual to 04 lbs. per square inch, but this had no effect upon the 
amount of cundensation. The temperature of steam indeed decreases with 
its prcsatiro, but in this case the decrease was neutralised by the heat 
developed by the friction of the steam against the pipe, and thus the real 
temperature of the steam was nn&ltered, and consequently the condensation 
remained unaffected. 

These observations show a remarkable economy due to the clothing of 
the steam pipes, so much so that it would be gross waste to allow any 
length of pipe to remain long uncovered. The envelope has now been 
on the pipes at Wingate more than three years, and as yet exhibits no 
deterioration. 

When large steam pipes are employed the loss hy Motion is small, 
and whou clothed the loss by condensation is small, so that steam 
can be economically conveyed great distances, a fact which no doubt 
in time will abolish the use of nndergroiuid boilers to supply the 
nnderground engines. This practice often raises the temperature ooa- 
sidcrably, besides involving some danger from (ire. So long as steam 
pipes are unclothed there is great economy in having the boilers near 
the engine, but when they arc properly covered the lose of heat is iusigmfi- 
cant and the difforetiee almost disappears. The employment of ooraprcssed 
air as an engine motor and as a reservoir of power, now attracts much 
notice. Its advantages are undeniably great, particularly when power has 
to be applied at a great distance, still it loses pressure by friction as much 
as steam would do. If, where steam was used, the pipes were suitably 
clothed, the heat and loss of steam would be so smidi that comprcased aur 
would have but triitiiig economical advantage over it. 



DIBCUHftinK — CONDENHATION IN STEAM I'irBS. 



The CuAiaKAK Bftid, they had before them a vciy interesting paper, for 
which he was sure tliej were very much obliged to Mr. Bird. It seemed 
to him a desideratum which had been long wanting to exactly measure the 
eficct of condciiBation in pipes. He tliought tlie subject might be extended 
BO as to inelndc an cnquirjr into the loss of heat, if any, whieh occmrod 
when compressed air is conveyed long distances in pipes, and also as to 
the nature of the materials used as non-conductors. 

Mr. fiiJtD said, the material with which they clothed the pipes, in the 
first instance, was a patent composition, of which they were not supposed 
to know the details; but his idea was that it was a compound of sawdaet, 
clay, and horse dung, and this composition was still on the pipea ; since 
then, they bod had two other compositions introduced to their notice. 
One, a section of which is shown in the 
adjoining woodcut (Fig. 2), is made of an 
inner circle of asbestos, backed with paper 
A, and two outer circles of compressed 
paper, B and C, with felt between them 
E F ! the outside of all being well var- 
nished. This was split down one side at 
Or, sprung open, put over the pipe, and 
secured by means of cement, and a few 
small dogs H ; the other material was sunply 
a mixture with which to coat the pipes, 
which was supposed to have the advantage of not ultimately cracking 
or giving way with the action of the heat. They had certainly tested it 
for a fortnight, where it was partly exposed to the action of exhaust 
BteEun impinging on it, and they had found it resist well under these 
nnfavouraUe eircumstuncea. The cost of the latter composition was 
about fourpenee a square foot, and the cost of the arrangement shown in 
the woodcut, was tenpence a stpiai-e foot, but the latter was easily put 
on, whereas the cheaper composition required a considerable amount 
of labour to attach it to the pipes. 

Mr. J. A. G. Ross said, he would like to ask Mr. Bird if he had not 
tried a aubstance which was known by the peculiar name of sihcated 
cotton, or slag wool, patented and manufactured at Middlesbro' by 
Messrs. Pease, Gilkes, and Co. During the time of the French Exhi- 
bition Mr. Semarks bad tried some experiments with it, and had stated 
that it and asbestos had been found to be the two best non-conductors. 
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and this he readily nnderstood, sinoe the silicated ootton held between its 
fibres a considerable quantity of air, which being confined with it was 
probably a better non-conductor than even the silica. 

Mr. Bird said, he had confined his remarks to those linings which 
had actually come under his own observation. He had heard of silicated 
ootton, but he had not yet applied it. 

The Chairman said, they were very much obliged to Mr. Bird for the 
trouble he had taken in giving them the results of his experiments. The 
paper was very valuable, and would, he hoped, encourage more experiments. 

A vote of thanks was then awarded to Mr. Bird, and the meeting 
terminated. 



PBOCBEDINQS. 



PROCEEDINGS. 



QBNBEAL MKETINQ. 8ATDRDAY, OCTOBEK 4th. 1879. IN THE WOOD 
MBMORUL HALL, NEWCASTLK-OPON-TTNE. 



Q. C, GREENWELL. Eag., PBESinENT, in the Chaie. 

The Sbcrktary read the minutcB of (.hu hist mcttinp; an<l reported the 
proceedings of the Council, 

The following gentlemen were elected : — 

Okhihast MBmsB — 

Mr. C. EoiTKBT Bbll, Psric Hoiise, Dnrlutm. 

Amooiate Meudbb — 
Mr. Qbobse TcuNacLL, Senliuui Culliery. Scabaui Unrbonr. 



Mr. Ai:pbid Ckawhall CnAFU ak. Sillcswortli Hall. SitnJcrland. 
Mr. HcGH BbAHWEU., Tjncmouth. 

Mr. Wm. C. MPBBAr. South Derweiit Colliery. Annfield PUiin, via Liiiti 
Green Station. 

The following were nominated for election at the next meeting : — 

HOHOBAHY MkHDEB - 

Mr, 0. A. LEDorB, ProEessor of Gimlcgj, Collogo of Plijslcal -Scipuce, 
NcwcAstle- uixiii -Tjiic. 

Stijdbkt— 
Mr. Thomas H. Mackinlat. West Peltnii Ci>IlLery, Cliester-lo- Street. 



The following paper was read " Notes on Coal DiiBt ExpluHiona," 
oommunicatcd hj Ur, D. P. Morison : — 



SfTTES ON COAI, DIJHT EXI" 



NOTES ON COAL DUST EXPLOSIONS, ABSTRACTED FROM 
THE "ASNALES DES MINES." 



f U. p. MOKISliN. 



I 



After reviewing to some extent the important experiments conducted by 
Mr. Gallowaj, and published by him in the TranBDctione of the Royal 
Society and other periodicals, the author (M. Dombre) examining the 
theory propounded by Mr, Galloway of the danger of a mixture of coal 
gae (or fire-damp) and coal duet, proceeds : — 

" Messrs. A. Freure-Marrcco and D. P. Morison express their opinion 
that Mr. Galloway's conciusions are too absolute. According to their 
views coal dust should be described. There are dusts and dusts, i.e., that 
of cannel coal differs from that of anthracite. It may bo possible, then, 
that the dust on which Mr. Galloway exjierimented did not possess the 
qnaliticH requisite to produce explosion without the presence of an admix- , 
ture of fire-damp ; bnt the same may or may not apply to other dusta." 

" These considerations induced Messrs. Marreco and Morison to eitend 
the scope of the experiments of Mr. Galloway," and the results given in 
the paper already presented to the Institute are carefully detailed with 
reproductions of the dii^rams and the winclusioua to which attention was 
invited. 

M, Dombre, ailer criticising the table of flames produced by the varioua 
Bamples of dust submitted, concludes his paper by the following remarks, 
which, proceeding from an impartial judge, should merit attention from 
the fact of that impartiality, as well as from the interest aci;ruing to his 
remarks from several analogous cases cited by him : — 

" Prom the experiments which have given rise to this notice, we think 
that we may be entitled to assert — 
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" Ut. — That a gaseoiiB mixture prodnceil by a shot may, in certain caaes, 
set fire to coal dust held in Biispension ia the atmoBi>herc of the working 
placog where tlie shot wob fired, and thus produce a veritable explosion. 

" 2nd. — That the nature and composition of the dusta plaj an im- 
portant part (un role capital) in the mode of commencement and in the 
propi^CioD of Hach an explosion. 

" It IB probable that the inflammation of the dust will be (other con- 
ditions being equal) more easily effected and further spread by the fact of 
the coal which produces the dust possessing a larger proportion of volatile 
matter. 

" Wc must now ascertain how far such an explosion will be localised, 
embracing a district more or less surrounding its origin, or whether it may 
under certain circumHtauces spread through the mine, and thus become 
the cause of catastrophes aiich as those of Pelton, of the pit 'Cing Sola' 
of Llan, of Tabin, or of Blantyre. 

"This question is one which the results of experiments, however 
ingeoioufily condacted, can searcely elucidate, and its solution may perhaps 
for ever be only a theoretical induction. 

" It now appears undeniable that in the presence of fire-damp, even 
in minute proportion, the explosion, at (irBt local, spreads with rapidity, 
and may even assume suddenly alarming proportions. But if no fire- 
damp exists in the workings where the explosion originates, and if none 
is to bo found in the neighlx>tiring workings, is it to be supposed that the 
gases cToIred by this more or less complete carbonisation of the dust alone, 
arc sufficient of themselves to sustain combustion, propagating it and per- 
mitting it to feed itself by alimentation from distant districts of tlie mine?" 

In a foot note M. Dombre mentions that, in the explosion of the Javin 
pit, coke was foand in the timbering nearly 1| inch, in thickness, and 
that the analysis of this coked dust proved that 25 per cent, of volatile 
matter had been lost between the 6\ji\a.-r of dust and of coke ; or, in other 
wonls, that every kilogramme of dust had given off in weight 70 grammes 
of inflammable gas, say 7 per cent., (juitc enough to account for the most 
disastrous effects of heat and aft«r-damp which have yet l>een experienced. 

Blantyre, Swaithe-^tain. Pelton, and too many otlier local sweeping 
catastrophes jwiiil to the dire effects of dust explosions as cihibit«l by 
the coking and charring of bodies, timbers, the sidiv or roots of galleries, 
at (loiiita far dimant fk)m any possible reach of gas per tun and here it 
may be asked whether any ht-avy irifo gpread explosion has bwn observed 
and noted in a scam sufticiontly damp to prevent accumulations of dust 
in the workin]{ jilaccs or msiu rmuls. 
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M. Dombre after Bome inetrnctive rcmarka in criticiBm of the theory 
that exccsB of ventilating force may intensify explosionB, oiid afler par- 
ticoJarising the support given by M. ChaiisBelle to this idea, thus potently 
expresses himself : — 

"Although to some slight extent shariDg these views, we may obeerve 
that in our opinion improvements in ventilation do not constitute the 
primordial cause of this tendency of local cxploaiona to develope into 
catastropheB, but that the fault lies in the increased area of the workings 
theiDBelves and in the lai^ number of men working in one district and 
in one current of air (this api>ears to apply specially to the long trail), 
or more plainly in the undue concentration of the working places." 

He then adds that increased ventilation has had to follow tlie necessity 
created by this increase of face and workers, and continues : — " Speaking 
of what he terms the 'parados' of M. Chausselle, Mr. Galloway recom- 
mends the use of water for laying the dust in workings where powder 
is used : ' In fntnre,' he says, ' in addition to the old cry of ««■, more air, 
we must add a new one easily supplied, m&re water.' Mr. Galloway 
perhaps overrates the possibility of applying in practice the remedy he 
proposes. If the employment of water is practically possible in English 
mincB, the same does nflt hold good on the Continent, where the seams 
are Ijing at heavy inclinations and under very different conditions of 
stratiScationa. 

" Ifl it not better to cut at the root of the evil, by requiring from the 
mechanic a tool simple and handy, suppressing and superseding gunpowder 
or other igniting mediums in dry and dusty workings? " 

The subject of coal dust and its influence in colliery esplosionB having 
now been taken in hand by an iniBnential and practical committee appoint- 
ed by the Chesterfield and Derbyshire Institute of Engineers, well provided 
with the sinewB of war, some further light may be thrown on the almost 
unknown influences of dust, heat, and draught in eoUierij disastert. 

The following circular has been isaued by the Council of the Chester^ 
field and Derbyshire Institute of Mining Kngineers : — 

The question u to the effectn of coal dust aggravating, and even being in tatat 
caws the caueaof, collier; eiplotiotis, Iiaa Intely Formvd the uiBtoriid of acomniuaicstioil 
to thia Institute, and the invotigntiun of the subject has subaetguently b«cn CDDtiuned 
Rnd the results ombodiwl in t, pnper read hefore the North of Eugland Institute of 
Uining Engineers. 

In view of the importance of the lubject in relation to the gafHt; of life and 
{irojiertj, it has been arranged to inatitnl^ a series of ciperiments on the coal duiit of 
tliii and other distriets. in order to make k cnmpKrisun with previous tests, and if 
poniblc to elicit still further infcirmatioti upon so important a subject. 
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In order ti> atrry ont such expcrimmts, tticre will have to be a ccrbun ontliy upon 
the iii'ccAtnr)' nppanttiis and instrnincnta, and it U estimated that a sum of £50 will be 
nHjuircd Fur prciperl; carrjing out the wnrk. 

The Council of the liuititiite hafe voted the gnm of £10, and the gub-coinmitteo 
have thought it deiimUe tu la; the quoation before the incinben of the Inatitntc and 
other*, with s view of getting their co-operation. 



The Peesident said, he was sure the inemberB were very much obliged 
to Mr. M'jrison for havlnj; brought before them ob8er\RtionB on tbia im- 
portant subject which had been made by a gcutleman bo fompetcnt aa 
Mona. Doinbrc, They would alao arrive at a unanimous conclusion that 
the question is still one that requires careful considemtion Irom nil those 
who have opportunities of investigating it. The members had had placed 
before them the different ccJiiditiouB whioh existed in dry and wet mines. 
Most of them had the opportunity of making such comparisons, but he 
was glad to say that the engineers in this dtstriet had most fortunately for 
some years past been relieved from the necefflity of much personal inveati- 
gntiuD into Buch matters. However, it was impossible to foresee what might 
happen, and the better prepared all were to meet every oontingency that 
might arise the less chance of accident would oxiflt, aud therefore it would 
be well if they considered carefully those points which had bwu touched 
upon in the extract which had been read by Mr. Morison, and ho was sure 
he could not leave it in the hands of bett«r or more able gentlemeu than 
those he saw before him to ftarther in(|uirc into the matter. 

Profeasor T.kiiock di.«ired to call the attention of the membere to a 
paper by Professor Peek — an American scientific man. The paper, which 
was [lublished in the current number of the " Monthly Journal of Science," 
gave details of certain ex(ieriment8 wliich ProfcsBor Peek had made with 
flour dust. In most casefl these experiments show the very eiploaive 
nature of this dust, and they undoubtedly bc^re on the subject in hand. 

It was then understood that Mr. Morison would kindly make an 
abstract of the paper referred to by Mr, Lebour, but afterwards Mr. 
Morison explained that at present it might be odnBublc to wait fur 
ilie experiments which the Chesterfield and IfcrhysUire Institute were 
organising. They inttnded to investigate tlie question in a much more 
detailed manner than Professor Mnrreco and himself had done, and they 
were constructing a test-box whieh he hoped might give explosions with- 
out [lerBonal danger to the experimeuters, but which would be snilidcntly 
lurgc U) represent what might occur down a drill, eveiythiug being in 
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proper proportion. They wished to esperiinoiit, not only on difibreut 
duBtB ae did the North of England Institute, hut to gangc exactly the 
proportiona of dust \xt cubic foot of air, to follow out Mr. Galloway's 
eiperimciitB, mid to test every proportion, however minute, of lire-damp 
or coal gas (both at their diapoBal) j they intended also to vary the 
temperatnre of the air in every experiment, by means of pipes heated 
bj steam, and to imitate the disturbing iiifluencca of horses, men, and 
falls of coal, by means of agitators placed in the box. They further 
contemplated testing the force of the explosion, apart from the damage 
caused by the flame, this having been found to be very disastrous in 
many coilrcries, and to ascertain how far the ignition of coal dust will 
blow doors open, by placing imitation regulators proportionate to the 
wze of the box; and he thought that after these experiment* were com- 
pleted they might reproduce their own as well as those of the Chesterfield 
Institute, and perhaps even subsequent experiments. 

Mr. E. F. Boyd asked, if there was any understanding between the 
Chesterfield Institute and their own as to the coimnunication of papers? 

Mr. MoRiBOS said, there was none whatever except that he was a 
member, and on the Coal Dust Committee of both. 

Mr. Boyd asked, if there was any uuderstanding by which the Chester- 
field Institute would favour the North of England Institute with results 
of their experiments? 

Mr, MoBisON said he was sure they would, because so fax the two 
Institutes bad assisted each other in every way, and that the two Institutes 
had really worked to some extent together. Ue further stated, that as 
Professor Marreco and himself were botli on the committee appointed by 
the Chesterfield Institute, it' it was the pleasure of the meeting he could 
communicate with the Secretary of the Chesterfield Institute on the subject. 



Mr. D. P. MOBieos then read the following paper " On Boiler Acci- 
dents and their Prevention :" — 
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ON BOILER ACCIDENTS AND THEIR PREVENTION. 



By D. i: MOItlSON. 
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PAKT II. 

Is reanming this important subject, which by a, few introductory notes 
was abreody prefaced in a recent contribution hy the author, it is inteuded 
to amplify to some extent the figurcB aud Btatiatica derived from home and 
foreign corapilationa. It is also the object of the writer to claaaify, as far 
as possible, the uses, eouBtructitm, and efficieucy of the varioUB societies, 
or other schemes for preventing or alleviating the disasters which attend 
the employment of steam generators or boilers, and, as far as [jracticable, to 
trace their causes, and possibly to suggest means for their prevention. 

It may therefore be in the first instance interesting to supplement the 
fignros given in the Introductory Notes (Vol. XXVIII., p. 249, etc.) by 
the tables (see Appendix), whicli bring up the statistics of onr home boilers 
to the end of last year: Table I. being a summary of the causes of explosion; 
Table II- a summary of the construction of the boilei-s; and Table III. a 
summary of the uses to which the boilere were put. 

The statistics have been still further amplified in Table IV., which 
may be taken as a general summary of all the particulars eolleeted irom 
the various returns of companies, as well as of the Board of Trade 
Inspectors, and will, by the mode in which the flgnres are tabulated, 
exhibit the various divisions of the previous statistical sej>aration. 

Having now given in detaO the results obtained from the data of the 
last ten years observations, it may be useful to form some general con- 
clusions which will inevitably occur from the study of the figures so 
tabulated. 

It is estimated that there are 200,000 boilers in the United Kingdom, 
but, as previously mentioned, this is mere conjecture, and is probably an 
under statement. As all the deductions as to the number of explosions in 
proportion to the boilers used depends ou correct estimate, it would be 
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UBcful, ufi n firstatep towards correijtcnumeratioD, if tlicGuvuroineatiteelf 
would take up the matter and institute u boiler " ceuBus " (if the t«rm be 
applicable) for boilera, to aai«rtaiu the boilers in use. 

They should be elassified — 

1 . — Marine. 
2. — Locomotive, 
3.— Portable. 
4. — Htalionsrj. 

The first thrt*c cluases mv nearly all iuterually lired. but the fourth 
claaa might iiBcfnlly be divided into those (a) iutcnially, and (b) externally 
fired, mid further divided into the various types most in use. 

ThoBC figures could be obtained through the tnapcctors of Coal Mines, 
the Factory Inspectore, and the Railway and Marine Department of the 
Board of Trade. They would form good data aa to the work to be done 
if all boilers have to be iuspected by authority. 

At the present moment many boilers arc under the care of Companies 
ha\ing for their objects the inspection or insurance of boilers iutruated to 
them. Ill some cases additional precautions arc solely intended, while in 
othera cjmpcnsatioii tor damages is also guaranteed. 

The nnmber of boilers under the oare of the different Companies, and 
their mode of inBjtecting and oijsuring, may now be introduced. 

The "fitt«am Users' Association" was the first formed for inspection 
only, lit about 1 3b. \kt annum per boiler, This did not provide the owner 
with enough security that the work undertaken would be efficiently done, 
and a new Company was created to add assurance as a further guarantee, 
na weU as comjiensation for the pecuniary risk involved, which aftcrwarda 
bei-suio the " Steam Power Company." The " National " is upon the same 
principle, but encourages what it considera improved fittings by charing 
less where certain plugs ore used. 

The " Midland " was formed by iron and ooal masters for the protection 
of their boilers, as the other companies, with their head-quart^^rs in Man- 
diester, did not appear witling to undertake the inspection of hai-d-worked 
boilers in iron works luid coal iniijes, eHi>ecially where heated by waste guscs 
from ftimaccs. It was intvudud at first only as an Inspection Association, 
but Assurance was added, as generally preferred by boiler owners. 

The " Yorkshire," the " Jtutual," the " Ix>ndou Mutual," and the 
" Newcastle," are on the same principles as the other assurance cumpaniio. 

The " Engine and Boiler Company " is ivmparativcly new, but iuclndcs 
the engine for iiispectiou and assuraui.^. 
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Much diflcuBsion haa arisen on the subject of ABsiirunce as applied to 
boilerB, under the impression that it was not ao legitimate an object bb 
many other risks, such as those by fire or wreck. 

The " Steam Users' Association" denounce it as the source of mncb 
eril, as it makes Assurance Companies eager for business and pro^t, and 
thus neglect inspection, and in consequence they have organised a system 
of guarantee by which damage is paid in case of failure of a boiler up to 
£300 for an annual payment of £1 lis. Gd. The guarantee limd wits at 
first made by ten volnnteera being re^nsible for £1,000 each, but it ia 
gradually being replaced by accumulated overplns. No profit* are divided, 
but any overplus ia spent on scieutific experiment. 

Tlie Assurance or Insurance Companies provide guarantee fimda like 
any other joint-stock company by unpaid capital and reserve funds saved 
fi^m profits, and they aaseit that it is a more basinees-like and feir way 
than trusting to volunteer aid, Alao, that there is no more reason to 
doubt that such boaineas will be done well because a profit is made than 
that railway companies, or any other ti-ading companies, will not do their 
business to the best of their ability to maintain their reputation. 

There is perhaps little difference between ordinary assurance and the 
system of gnarantee; but the real point is, whether either of these, or 
inspection alone, insures the greater care being taken of tbe boilers ? 

The chief expense of all the Associations and Companies is the inspec- 
tion, as a rule, four times a year of each boiler, and therefore anything 
that tempts to the slighting of that work is to be feared. 

The "Steam Power Company" have carefully compared results of 
inspection and assurance, but the figures are not open to testing. The 
result is said to be that the number of casualties and explosions have been 
less among assured than inspected hollers. Other companies have asserted 
the same thing, but complete statlstic-s are not easily obtained. 

The work of the "Midland Company" has been among the heaviest 
worked boilers of the kingdom, as in many iron works the power required 
is BO great that they are composed of little else than boilers; and until 
lately it was thought necessary that these should l)e close to the furnaces 
and mills, and ofconrae amongst the men. Considering the great frequency 
and fatality of boiler esplosions among these more complicated boilers, 
the number of explosions has diminished in as great a proportion as in 
the case of the more easily -managed ordinary mill boilei-s. 

The following notes on oui- British ideas of inspection, inquests, and 
Government superintendence, will pai'e the way to a more complete invest!- 
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gation of the entire eabjcct; and the uriter finds that the more the depths 
of foreign reports are explored the more the subject becomes extended, and 
the more the iiit^reat accrues. It is, however, the intention of the writer 
to condenBu, as far as possible, iu the present series of papers, the enormous 
maee "f Btatistics placed at his disposal, so that the practical questions of 
boiler building, setting and maintenance, may follow rapidly on these pre- 
liminary notices. 

INSPECTION. 

The highest perfection which coidd be devised for boilers would be 
(I) undoubted scientific atid safe form, (3) best materials and workman- 
ship, (ft) good mountings and well-regulated fittings, (4) attention by ex- 
perienced men fully capable of making a thorough and competent inspection 
of every part at ehort intervals, and (."i) that those in chai^'c should take 
such pride and interest in their work as never to neglect an opportnnitj 
uf such inspection. 

It has been the ambition of most of the associations to lead up to such 
a model, but in practice there are many difficulties in the way, and the 
vast majority of boilers work under very inferior conditions. 

In the first place the forms of boilers differ in a great meaanrc from 
fancy or the coovenience of the work, and safely is only one out of many 
considerations in making choice. The most suitable material and modce 
of manufacture and proportion of seams and rivets are still matters of con- 
flict and of opinion. The mountings also may be either as mnch self-acting 
as possible or subject to constant control ; and each class has its strong 
advocates, as in the one case the attendant is lulled into supposed security 
by the self-acting fittings, and in the other is liable to accident by any 
slight neglect on his part. 

The exigencies of modern work demand more division of labour than 
wasting the time of one able to insi>e«t on ordinary firing ; and last, not 
least, the attendant is apt to bo influenced by the desire to keep the works 
going and to postpone the day of inspection. Also, the limited experience 
of an ordinary boiler attendant does not usually equal that of an inspector 
apjiointed for the sole purpose of inspection, and with wide experience of 
all classes of boilers and a good study of many instances of mishiipa from 
which to form a right jndgment as to the best mconB to avert casualties. 

The whole matter becomes one of sound judgment, and experience tellfl 
for mnch, specially in collieries, bctoriea, iron works, and similar ontlying 
places. 
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INQUESTS. 

The Coroner's Inqoeat is siich an ancienb und uBcfii! institution that it 
is perhapfl well to leave its inveBtigationB an to those killed by boiler ei- 
plosione, without burdening the juries to add auy seientific renaona for the 
eiplosion, in whitih they can only reflect the opinions moat etrongly pnt 
before them by interested or other technical witneeaea. 

It would be convenient, however, if the records of oxplosiona conld bo 
obtained ydtit more certainty than by the private efforts of the Companies. 

"Without some distinct and recogniecd authority the majority of caaea 
CRUnot be properly investigated ; and, as a atep towards a boiler "census," 
a record of explosions, with a short accotmt of the effect and cause of each, 
either from special reporta or compiled from the reports furnished to the 
coroner, would be useful if published in audi a form as to be fairiy intelli- 
gible to the working men in charge. For this purpose iwrapective sketches 
are nsefnl in preference to scientific line drawings or long tediona 
descriptions. 

Bach refwrta and descriptions as are given of railway accidenta and of 
locomotive explosions of the Railway Department of the Board of Trade 
would amply aiilBce, and be of material assistance to coroners, juries, wit- 
nesses, inspectors, and that portion of the public supposed to be interested 
in the enqairiee. 

GOVERNMENT INSPECTION. 

It has been well said that sad as the loss of bfe by boiler explosions maj 
be, the remedy of Government inspection is not bo certain as to warrant 
the cost of the army of inspectors needed to do the work thoroughly; and 
that the best course is by all means to foster the willingness of owners to 
undertake the arrangement for inspection for themselves or through Asso- 
ciations or Companies. 

There is a misapprehension as to the Government inspection of marine 
boilers. The Board of Trade provide for inspection of boilers in passenger 
vessela and grant a certificate, but it is optional whether owners have it or 
not : but they generally do, as it assists them in case of mishap. 

It is considered by many that even if the Government are forced to take 
the matter up it would be sufficient to say that all boilers must be inspected 
by some one, leaving the owner to select, and to be responsible for the 
selection of the Inspection Company thought most likely to be efficient at 
a moderate cost. 

Inspection would then be a fair and useful employment either for 
individuals or companies, und if all owners were bound to provide for 
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having each boiler 6een inside and outside twice a year at least, a great 
part of the difficnlty would vanish. 

The figures already given of boiler accidents and their attendant loss 
to life and limb may now be advantageously compared with the statistics 
of railway atrcidcnts, where effects and causes are understood to be under 
the control of, and investigated by, the Board of Trade, O., Government 
inspection. These arc iUuetratcd by Tables V. and VI. 

We now come to the resnJts obtained by the German, French, and 
other foreign aasodations for the independent inspection of boilers, which 
are most carefully and minutely detailed in Tables VII. to XV., in the 
Appendix. These tables most plainly indicate the growing anxiety on 
the Continent for auxiliary inspection, and the care bestowed on the 
transactions and reports of the various societies compares favourably 
even with the beet of onr own Companies. 

The following extracts and abstracts from the reports of a few of the 
societies furnishing the tabulated statistics will be read with interest. 

KORKION INSPECTION ASSOCIATIONS. 



1.— FHENCH AND BELGIAN. 
ASSOCIATION POUIl LA SURVEILLANCE DES CHAUDIERES, BRUSSELS. 

(Bon.EB iMaFECTIOM ASSOOIlTtOH.) 

1,740 boilers were inspected under this Company in the year ending 
Ist January, 1878. No explosion hoe octrurrcd since the formation nf the 
Association. The annual inspection reports for the year 1877 constitute a 
most imttnictive volume, of about S.'iO pages, with drawings, tables, &c. 

The members of the Institute will hail with satisfaction the announce- 
ment that in the Board of Management the names occur of two of 
their own body, M. Gnibal and M. Guiuotte, one an honorary and the 
other an original member. 

The report in noticeable by many mi«t suggestive, although, perhaps, 
rather sulf-laodatory remarks, f.ff.: — "The aim of this AsBoeiation is 
realized, aud we ha\-e proved by our owu example that aU explosions may 
bepreventedby arclatively incspensiveinspection. " • IVom ordinary 
probabilities, if our Association had not existed and our inspection had 
not been welt managed, five boilers, at least, would have exploded (SauW), 

" Yon {i^., the members of the Association) are aware that the greater 
safety which your boilers enjoy is not due to repain being more frequent. 
On the (.-01101117, Uiaiiks U. the reports and cxuniinatiuns of our staff, we 
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have managed in most caaes to prevent det«rioratioii, and thus to avoid at 
once repairs and accidents. 

"Dnring 1877 our ataff made 1,64] internal inspections, and 4,098 
external examinations, entailing 894 visits of inspectors and 632 of anb- 
ingpectora." 

The coat of inspection per boiler was SOa. in 1875, 18b. Cd. in 1876, 
and 17s. in 1877. 



ASSOCIATION rARISIENNE DBS PROPRIETAIRES U-APPAIIEILS 

A VAPEUR. 

(XtaocixTios at Strah Power Owhebs, Pabis.) 

In February, 1877, this Association numbered 53 members, posseasing 
148 boilers. 

In the report of the engineer, the follomng are s-imples of the mode 
in which the principal defects are signalised : — 

47 steam ganges were defective, of which 18 gave erroneous read- 
ings due to the absence of a proper bend in the pipe between the boiler 
and the gauge. 

Floats in which a rod works through stuffed glands are condemned. 

Safety valves. — Firemen are recommended to keep the point of the 
lever perfectly clean, and to test ita working frequently. 

The damper chains are recommended to be brought round to the fire- 
holes. 

The subject of corrosion from leak^ea is also dealt with at some 
length, and, finally, a code of iaatructions to stokers is recommended to 
be distributed to each fireman employed at the boilers under the Aaaocia- 
tion, of which the following short extract will give some idea ; — 

INSTSUCTIONS 
On usual precautionary measures to be observed in the use of Steam Boilers. 
OEtfEBAL OBSESrATlONS. 
1. — The BurroundingB of boilers, fireholes, etc., must always be kept 



2. — No admittance of strangera to the boiler house, wliich must be 
kept locked during off-time. The fireman never to leave his post until 
replaced. 

3. — Any imperfection observed in the boilers or connections to be 
immediately reported by the fireman w the engineer. 
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4. — TTie fireman, on his arrival, Tonst verify the level of water in the 
boiler. If thia be correct he will light up, or when the fire has been 
daro{)eti down, ojwn, first the damper. Bccondly, the ash-dtiora, and lastly, 
the fire-door. He must then clean hie fire and gradually fire np. 

5, — Once fired up, the stoker most, every 10 or 15 luiantes, throw on 
small qnnntities of coal bo aa njually to cover oach portion of the grate. 
The lumps to be broken into pieces not exceeding the size of the fiat, and, 
in ordinary grates, the thickneBS of combnatible mnst not exceed 5 inches 
of coal or 10 inches of W)ke. Each time the door is opened for firing 
tlie damper must be partly closed. A small quantity of water to be kept 
in the ash-pit. 

G. — When the grate, examined from below, ceaaes to appear free, he 
must cleanse it half at once, removing the combustible from side to aide. 
In cleaning he must shut down the damper, taking advantage of a time 
when presenre may decrease. 

7. — The stoker must open the damper anfScicntly only to obtain the 
required pressure. If the safety valves blow he must lower the damper 
without opening tlie fire-doors. 

8, — Half-an-hotir before closing time the fire most be slackened; and 
when time Ib np the fireman mnet cover tlie fire-grate with aehee or damp 
slack, and then shut in turn, first the damper, secondly the fire-door, and 
thirdly the ash-pit door. 



II.-GKBMAN. Ac. 
MARKBSCUElt BOILER INSPECTION SOCIETY. 
The Society had at the end of 1877, 422 boilers. The number of 
inspedJons were 1040, of which 

632 were external inspection. 
31C „ internal „ 
102 „ Hydraulic preasnre testa. 
The Engineer in his report bad 078 faults to find in his inspection 
which are classified aa follows : — 

1. — Defective mountings C 6 cases, 

of which there were 18 defective water gauges, 
9 „ prcsBuro „ 
& „ Bufety „ 
i. — Fuulta IVom imperfect attendance 29tl 
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S. — Faults in boiler plutes and setting IfiC 

of which 31 rases were rivet-hole rents. 

31 „ were bulging and rents in plutc 

over or near tire. 
37 „ of defective setting. 
4. — Fanlts in constniction and laying down. These fiiulta are 
again claaaified under five heads as follows ; — 
] .—No. of faults. 
2, — PreEsnre of boiler (working). 
3, — Age of boiler. 
4. — Constmction of boiler. 
5. — Method of firing. 
The Engineer coniplains very ninch of the state of the cocks, fittings, 
&c., in many places, many of them leak and many are fiiat. The overload- 
ing of safety valves was another source of complaint. Cases of pressure 
gauges being m-oug, many being stopped np with dirt. Spring pressure 
gauges should be protected from heat, steam, wet, and frost. 

The safety valves in five cases were found to stick. The boilers in 
twelve coses were examined with hammers that were too sharp. 

THE SWISS BOILER OWNERS' ASSOCIATION. 

At the end of the year 1877 this Association had 1,182 boilers under its 
inspection. 

The following important official notice is worthy of attention : — 
TBE oorsBNMEyr, 
Having had under consideration a proposition from the magistrature and 
the police authorities, 

BSCSEES: 

1. — That the laying down and working of all boilers shall be under the 
inspection of the district police, who will, through their eugiueer, carry out 
this order, 

2. — That in laying down boilers the first consideration q|iall be solidity, 
BO fbr as regards material and construction, for the purpose of iuauring iUi 
safety and its proper working as well as its connections, all precautions 
being taken as understood by the te(hiiual worU to make its situation safe 
and innocuous and its sun-oundiugs also secure Irom explosion and fire, and 
otberwiae to keep it free from damage or molestation. 

3. — That before a boiler starts work notice shall be given to the district 
police, who, by inspection and trials, ahall see that the above meaaurea of 
precaution have been carried out. 
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Should the inspection and trials not be aatiafactory, the working of the 
boiler fihiill be prohibited, 

4. — All working boilers ehttll be liable to periodical inspection at least 
twice per annum. 

&. — ^These inspections shall bo — 
1.— Eitemal. 

2. — Internal and estemal together. 
Eflch of which shall at least be done once yearly. 

The ext*rnul examiuationB shall be directed to the exposed portions of 
the boiler furnace and boiler mountings, and shall be only effected when 
tho boiler is at work. The engineer at the same time to soc how the 
stoker peforras his special dnty. 

The internal and external eiaminntion shall consist of detailed in- 
ternal and external examinations of all parte of the boiler and fines, 
especially those parte that have been found defective during the examina- 
tion of the boilers while at work. 

In the case of internal examination every preparation must be made, 
so that on the arrival of the ins]H.'ct«r the boiler shall be emptied, cooled, 
and the flues and other parts of tho boiler cleaned and freed ^m nut. 

The entire inspection shall be mutually arranged between the boiler 
owners and the inspector. 

a. — In the case of boilers under the Swiss Boiler Inspectors Association, 
any inspection made by the engineer of the Association will be taken as 
sufficient for the above purposes. 

In the case of boilers which are not under the inspection of the Swiss 
Association, the owners of it then shall have the option of having them 
iuBi)eclcd either by tho Swiss Association or by other engineers. In 
cither case notice must be given to the Board of Justices or to the police 
by those undertaking the inspection. 

In c»ses where the inspection is made by engineers not belonging to 
the Association, their inspection shall be laid before the Board of Justicea 
or the police who shall decide whether such inspection shall or shall not 
be taken as coiVect. 

Should a boiler owner not specify the inspection under which his 
boiler shall be placed, the police will then take such inspection into their 
own hands. 

7. — The expense of iuspoction shall bo defrayed by the owner of the 
boiler. 

8. — The reenlts of all inspections shall be communicated to the police 
and the ownen of the boiler. 
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Shonid theee resnlta not be found satisfactory a further inepection 
Bhall be made, at the inetance either of the owner or of the police, but at 
the expeoae of the owner, 

9. — Should any boiler oivner not (bUow the law laid down in this 
decree, he ahall, notwithstanding any loss or damage which be may thus 
incur through explusion or any casualty, be hable to a litie of 500 francs, 
and be farther liable to be summoned before the magistrates for not 
carrying out the decree of the Government. 

10. — The Board of Justices and the police are directed, etc., etc., 
Zurich. 

SILESIAN BOILEE INSPECTION SOCIETY. 
This Society at the end of the year 1877 had 672 boilers under its 
inspection. 

In the Engineer's report for the year 1877 the attention of the steam 
users was directed to the following faulto which seem to prevail : — 

Safety valves shonid have water pipes attached to allow the waste 
water to escape when hfting the valves during trial, and thus prevent it 
from tilling the interstices between the boiler and the brickwork, 

The shidge cock should be fitted close to the boiler instead of at the 
end of a pipe. 

Safety valves sticking faat. Valves with conical bearing surfaces have 
ft tendency to stick. The bearing surface should be straight, horizontal, 
and small. 

Test cocks have a tendency to fasten, owing to leakage. 
Only one esplosion occurred in 1877 amongst the boilers insured by 
this Society. 

NORTH aERMAN BOILER INSPECTION SOCIETY. 
The Society had in 1877 under ita inspection 662 boilers. No ex- 
plosion took place amongst the boilere under their inspection during the" 
year 1877. Among the boilers under their inspection, there were 212 
cases in which faults were detected, and these were classed under five 
heads, viz. : — 

1. — Defects in erection ... ... ... ... 7 

2. — Defective matcriaia of boilers — 

fa.J — Not safe— present ... ... ... Ifi 

(h.J— Hot safe— future ... ... ... Ill* 

3,— Defective mountlugB ... ... ... ... 6 

4.— Imperfect worlring of the boilera ... ... 66 

S. — Ollior <ain«ea . . 17 
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Attached to their Aimnal Report in the receipt for a grease to be laed 

on t«Bt cocks to make them water and st«am tight, the compoation of 
which ia as fullowa: — Half a pound of taiUiw, a quarter of a ponnd of wax, 
and a quarter of a poand of gutta-percha, which when melted together 
forms the greaae. 

THE BAVARtAN BOILKR INSPECTION SOCIETY. 

This Society had at the end of the year 1877, 1,301 boilers under it« 
inspection. 

The Engineer in his report claasifiefl the defects occurring under bis 
inspection ae follows : — 

1. — Defective boiler mouiitinpi and connectinni £93 

2. — Dufertire boiler Mtendmice ... ... 3!£7 

S. — Dangeroiii condition nt bollura uid brickuork 

•ctting ... ... ... ... ... 896 

4. — Fkulti oonstnictjou of boiler* and boiler leat . . . SG6 

To prevent the corrosion in boilers from adds which exist in oils, &c., 
the engineer suggests a l«8t of a chemical nature to be applied to oils 
which will prore the esistence of acids if present. 

No e^losion has occnrred within the last five years among the boilers 
under the inspection of the above Society. 

The objects aimed at by the Society are: — (I.) Increased safety in 
working boilers through prevention of explosions as far as possible ; (2.) 
Economy in the nse and raising of steam; (3.) Increase of duration of 
boilers with nuDimum cost of repairs; (4.) Advice on the constmction 
and laying down of boilers; (5,) Guaranteed official competence of the 
Society's engineer ; (G.) All trials and uispections carried out in accord- 
with Government regulations. 

It is further stated in the report of the Society that hydraulic teslfl 
serve only to supptjrt internal examinations, which arc the only means of 
ascertaining the conditions and thu safety of boilers. 

Intenial examination consists in inspecting and examining the boiler 
and it« tines by entering the boiler and truversing the flues. 

AH ports of the boiler should be properly examined, because it is 
possible that eadi per te may be defective 



THE SAXOXT BOILKR INSPECTIOK SOCIKTV. 
This Society in 1877 hod 040 Uiilers under its inspection. It is in 
connection with the Boikr Inspection Society's Union, to which 26 
Societies belong, insjtecting n total of 17,433 boilers. 
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During the year 1877 the engineer made 1,790 inapoftionH of the 
640 boilere in his charge, of which 1,290 were external eiaminations, 362 
internal examinationB, and 138 preasure tests i and, as a resalb of these 
inspections, 573 defects were detected. 
These defects are classified as follows ; — 
1. — External esaminations. 
(a.) — Mountings. 
(i.} — Working of the boilers, 
(e.) — Brickwork or setting. 
2. — Exposed by interna! esamination. 
(a.) — Construction , 
(h.) — Plates and seams. 
(c . ) — Workmanship . 
(d.) — Imperfect deaning. 
S. — Faults exposed by pressure testa. 
The most prevalent faults exist in pressure gauges and insufficiency of 
water gauges in each boiler, two being required, their errors amounting 
to 180. The engineer in his report states that unfortunately the gaiety 
Talves are tampered with in many places and too little care is taken to 
keep the water level in the boilers at its proper height. 

No explosiun baa occnrred &moDg the boilers of the Society. 



The considerations and conclusions t« be drawn from these statistics 
and reports are intended to be reviewed by the writer in his next contri- 
bution, before proceeding to the questions of boiler Beatings and boiler 
materiuls. 
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Ban.iB EsPLOSiONa, 1869 ' 



TABLE I. 
] 1878. — SriricAAT of tui Cadbka o 



(A). — FaalU [n RiiutTnotioa or repairs ... 

(B). — Fault* which coald be detected bj periudical eu 

nation 

(C), — Faulti which could be prevented bj careful at 

Eitraueoui or uncertain cauica 
Total 



6S0 706 121» 



TABLE 11. 

ro 1878.— Cua 



C'umiih and LaDcaoLiro 

Plain cjlinder 

Loonnotivo and portablo mnltitabtilar . 
Tubulooi (all tubn) 

Tartlcal or crane 

Balloon, wa|{nn, and breocbe* tab« 

DomMtic and heatiii; 

Ba«, kien, and >till* 

Booaoiniaera, Ao. 

Not 
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^^B FOtt IHB POLLOWtllQ PDSPOSKB. 

^H CoUieries and miuo» 


131 


92' 
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201 


^H Irunworka 


122 


176 


965 


^M Hill* of viuioui kiuda 


70 


76 


134 


^M Uarine 


5B 


127 


102 


^1 Banwmr 


86 


18 
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^H AgricBltaral 


S2 


20 


26 


^H Chemical 


3D 


S3 


48 


^^B Siiwing, turning, bniJiUng, and glass 


29 


38 


83 


^^A Brickworks 


19 


26 


60 


^H PapormlllB 


23 


82 


43 


^H FlournUli 


22 


21 


18 


^^. Browing aud malt milU 


7 


9 


14 


^M \ Cranes 


5 


S 


3 


^^H \ Hauling BUd pressing 


6 


16 


40 


^H Pumping 


6 


3 
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81 
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26 
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10 


1 


16 
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^^P Tbs Exploded Boubbs ik thb Tbn Yea&s, 1869-1878 (lyOLfBivs) ^| 


^H WBBB of tub fOLLOWlMa dbscbipt 


lOS. 






^F Tub Cadsbb asb a&ba»bsd as is tbs SrxuABT nxci 




! A. B, 


AND a 


COEBISH AND LiNCiBHlBE. 

(A).— BmI oonstriiction, weak tubes or chambers, want 


BoUwi 


^1 




of stays, bad maulids, had repair 


64 


81 
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73 


90 


161 


^H (C) .-Shortness of water, undue pressure, deposit, fires 
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^^B carelessness with valves or pipes 


77 
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264 
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^H (A).— Bad constraction or material, seam rip, bad repair, 








^H or bad manholes 


57 


49 


128 




41 


46 


182 


^^m (C).— Shortness of water, deposit, undue pressure, care- 








^^H lessncss with valvesi or fall of stoam pipes.,. 
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81 
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141 
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10 


IS 
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15 
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24 


^^M (B).— Extoroal or iutcrnal comwion 


S3 


22 


87 
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14 
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1 
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66 


^^M B*tMK)«, WlOOS, OH UbIBI'HBB TVBht 








^H {A).-1>-Uw io material 


1 


S 


t 




10 


1 


10 




IS 


7 


27 


^^^^^^ 


£9 


10 


89 


K 






^ 



BOILER AOCmENTH A 



1 rnF.vBxrrnN, 



DoHESTtC, SADDLB. OB HSATtHO. 

(A).— Imperfect wold, or weak shape ... 
(B).— Eitenal 
(C).— Uuduo pr 



Exij^od. KiilDd. Ii^und, 



Rao, Kibbs, ob Stilu. 
(A). — Bud construction or inanliolM 

(B).— Internal corrmion 

(C). — Undue prt-ssure, defective blow off, o 
fMU-nud too soon 



EconoitiaBsH. 
(C). — Undao preasnre 



KlRD KOT ABCEBIAIVED ... 

ToUl number of boilors exjiloded 
Total number of penums killed 
Total numluM: of pyrsonfl irjiiroil 



Puiengft^rB, 
from cBun?8 1 
beyond their ( 
own control . 



Total PaBKDgera 
Total Serranto, I ^gg 



16 3949,1106 2841 



ltOtI.BR AOCIDESTS ASl) THEIR PUBVESTIOX, 



Y^>. 


BdUb Exvlodim. 


All on BiUxTL 






KiUrt. 


Injund. 


KOltO. 


InJund. 


KIllaL 




















66 


113 


404 




12 


845 




60 


137 




3.038 


24 


1,247 


1873 


86 


94 


U72 


8.110 


40 


l.Ei22 


IS74 


77 


198 


1.424 


5.0U 


88 


IfllS 


IWS 


81 


142 


1,290 


6,75S 


17 


Uia 


1876 


83 


110 


1.246 


4.724 


38 


1.279 


ToTiL 


61B 


9S8 


7,166 


24,168 


283 


8302 



Av0Ttgc boiler eiplosioiM 
„ h11 on r^lwajs ... 
q paueiigcn, frum a 



KlUid. Injimil. 
74 133 



1,01 



M beyond their own coiitnil ... 40 
TABLE VH. 
FOBEIGN INSPECTION SOCIETIES.— K KEN CH, Ac. 
FxnrcH BxrUMiaiia, Tm Yusb, raoa 18G8-1877,— F*oii "Asnalks i 
Onlj the nUDibera uf eiplodeil boilcn tie givoo for tlio Bnt flvo jvara, bu 



iDibera uf eiplodeil boilcn tie givoo for tJ 

and injured tie mcntiom-il iu the lam Dve jraun. 
There wer« 243 oi|>lnHonH in the teii yenn; of tbwo 146 ven i 
1873--1877. kilLltig IBS pcnunn mud injuring 225. 

Tut ElFEODU BoiLIBS WEBB VBSD TOE TSB roLI:OWIII4 



the 



3.4G2 
1.267 



<EB Hisn." 
, the killed 
five jean, 



JUinei aud qauTie* 



iHs-isn. iwMni. I 

8 21 



68 



■IT 



Mill* for cotton, wool, or lUi qiiuiii 

■caving, or wlndipg 

CliemiealB ... ... 

8iigsr and diitiUing 

Corn factor ... 

Pb|i«t nukinK 

Bailwaj. 

Varioiu work* Dot divided 

CoTD milli 

Oil and siic inilli 

Candle and Uuip making 

Leather making 

Sawing and turning 

Djmng and bleaching 

Motive power 

Printing ... 

It rick making 

Carried forward 



^H BOILER ACCIDENTB AND THEIE ! 


[■KEVENTION. 


^ 


41 


^H Brought fc 
^^H F&nii9 


,rward 


... 98 


136 
2 


. KfUfd. 

173 
S 


^sr 


234 
2 


^^M Brewing 







3 


2 




8 


^H Butcher 







1 


1 




1 


^H miodnving 







1 


.. 




1 


^H BruaworVi 






2 


6 




2 






M 


146 


186 


226 


843 




TABLE VIII. 










^^V Tkb Bciilirs w 


£BB or 


TBK POLLC 


IWINC ) 


CIKDa. 






^^V WiTHorr Flues iNaiKi. 
^H HariiontaL nitli or without heslCTi 


iMft-itn. ms-in? 

... 24 &1 


41 


"sr 


7B 


^1 TubiiUr do. 




... 10 


7 


10 


7 


17 


^M Vertical d». 







7 


50 


69 


1 


■ Spheri"! 







1 


.. 


1 


1 


^H BellevUla 






2 


1 


4 


2 


^H PusUeltuboB 






1 


1 


1 


1 


^^1 With Flubs Ikside. 




... 28 


11 


11 


12 


39 


^f TubuUr 




8 








3 


Vertical 




9 


7 


6 


4 


16 


Boat 






IE 


23 


11 


16 


Field 







1 


1 




1 


Herman and ChapeUe 






1 


.. 




1 


BtiUsftiHlluen 




... 23 


24 


w 


91 


47 








8 


8 


14 


B 


PortaUo 






7 


8 


17 


7 


DuuBged fttKrEs 




1 








1 








2 


.. 




2 






M 


1-15 


185 


225 


243 




TABLE IX. 










_ Tas Cadbib op 


EXPLOBION 


WEBB. 








^B Fbom Faultb of Cokbtbuction. 
^m Bad design 


wwins. 

... 20 


,.,.,„. 


24 


-jr 


as. 

46 


^H BadmateriiiU 






7 


3 


8 


7 


^H FAl'LTH IN WOBEINa. 

^B Wear 




S 


15 


37 


19 


20 


^^1 Exteruil rmrorian 






13 


28 


31 


13 


^H Internal corrraiiin 






3 


5 


8 


3 


^^V FATTLTfl or FlTTIKOS OB ATTK.VnAKTB. 

^H Want of water 


33 


30 


21 


33 


^H Undue pressure .. 






3 


3 


13 


3 


H No^Iigenw t.f rioker ... 




... 5? 


14 


20 


14 


71 


^H Fault* nnkuown 




8 


11 


18 


28 


19 






B 


.. 


.. 




8 


^H BU1I> 







21 


17 


23 


2! 






M 


145 


ISG 


226 


243 














— F 



BOILBB AOOfDENTfl ASD TREiR PEKVENTrOS, 



NtiitSEB or 


PbUOSB KlbLBD OB 










Railway AcciD«KTg, 


BOK 1870 


o 1876 ISC 






y^ 


boUm ExplorioiH. 


AUMi&Ul-Vl 


iS^S^. 


™^;s3. 


1670 


Killed. 
85 


■w- 


Killed. 
286 


tnlURd. 
1^39 


B6 


InJcnA 


1871 


66 


118 


4«1 


1,281 


la 


845 


1873 


60 


137 


l,l-J5 


3,038 


Zl 


1,247 


1873 




91 


1372 


8.110 


40 




1874 


77 


398 


1,42* 




80 




1875 


81 


112 


1.290 


6,766 


17 


1,213 


1876 


93 


110 


1,246 


4,72* 


88 


1.279 


Totjli. 


618 


93a 


7Am 


21,168 


283 


8,802 



Avenge braler eiplodoo* 

„ all on railwajB 

„ j)«Mcnger», from e»iis«s beyond tlielr o' 



3.4SI 

1,267 



TABLE VII. 

FOEEION INSPECTION S0CIETIE8.-F BENCH. Ac. 

Fmfoh ExptoaiONS, Tax Years, woa 1868-1877.- Fbom "Asnaim dm Mum." 

Only the nambCTa of wploded boilcra ira given for tbo flnrt Ate jean, but the killed 

■nd injured ire mentioned in the U*t five jeait. 

There were 243 eKplosioiia in the teu jenw: of thew 146 weto in the fire jmn, 

1873-1877. killing 186 penons and injuring 226, 

The Explobbb Boilzbb wbbb cbbd mh the FOLLowiyo hjewmm. 

im-im. i(!s-im. Kiorf, ii^ "^ 

Ironwork, B 21 68 76 « 

Slinwftnd quarrice ^ ' ' 

S»„.tott » ■' " " " 

MilU for cotton, irool, or flai Bpiniiiiig, 

™,,.,8, » windier '» 'J 'j' I 1 

CheraicaU ■; „. ,. „ 

Sugar «iid distilling 8 - 

Com factor.., 

Paper inakiiig 

Bailwaj* 

Varioui works not Prided ■- " 

Corn mills ■• -■■ „ 

Oil and «ise nulls ^ 

Candle and lamp making .. ■•■ ' 

Leather making ... 7 ] 

Sawing and torniug *" 

Djeing and bleoching ... ^ 

Motive po*™"" ■■ ■■ " 2 

Printing ... _ j 

llrick uwk'ug ■ _r — 

Carri^i forward « ]^ 



^V BOIUIE 4CCn>ENT8 AND THEIH PREVENTION. 


n 


41 


l«68.1Bra 


18TMB- 


J K,„^ 


Iniond 


Tota 


Brouglit forward ... 9S 


1M6 


■ 173 


214 


234 


Farms 




3 


3 




Browing 


3 


2 


3 




Butcher 


1 


1 






PUc driving 


1 


.. 


1 




Bnutirork. 


2 


6 


♦ 




^m 


1~46 


lis 


226 


24& 


^H TABI.R 










^H Tne QoiLBRfl -KF-RK OF THR FOLIXJ 


WINU 


Kraos. 






^H WiTHorT Flues Inbide. ues-isn. 


1S7S-187 


7 Klllol. 


iDjoml 


£SSa 


^H Horinontal. with or without heitlEri ... 24 


51 


41 


64 


76 


^K TahuUr do. ... 10 


7 


10 


J 


17 


^B. Vertical d». 


7 


50 


69 


7 


^B Spherical 


1 




1 


1 


^H BelloYillc 


2 


1 


4 


2 


^^1 Piu^kltubea 


1 


1 


1 


1 


^H With Flvbb Ikbide. 










^H HoriEontal 28 


11 


11 


12 


39 


^H Tubular 3 








3 


^M Vertical 9 


7 


6 


4 


16 


^1 Boat 


IB 


23 


11 


16 


^H Field 


1 


1 




1 


^H Herman and ChapeUe 


1 






1 


^H still* and kiers E8 


24 


30 


81 


47 


^^1 LuKiniotirea 


8 


3 


14 


8 


^H Portable 




8 


17 


7 


^H Daiiwged fitHngf 1 






.. 


1 




S 




.. 


2 


^H 


US 


185 


225 


243 


^H 










^^B Tub CirsE^ oe EXPLoaioii 


WEB I! 








^V From F*i-ltb of Cosstructioit. iMff 


^h 


KJlid. 


Injural 


B^Jen 


^V Bad design , ^»^ 




m 


30 


45 


^H Bndmatcnali 




1^ 


fi 


1 


^B FAt'LTS IX WonKiHU. i ' ^ 


ll 




k..„ 




^H Wear J 






K* 


^m 


^^H Extt'rniLl 




■ 


i 


1 ^H 


^^H Iiitemal ooTTOKiiiu 




^ 


m 










w 




^1 




., 


-' 


^^1 


^H 


M 


IIL 


n 


^ ^H 


^H ur.h ^ 


m 


^ 


kf' 






I 




^» 


' V 


c 




W_ m 


1 


■ 

■ 


p 


J 



i llOir.Bn ACOIDESTB AKP THBTU PRBVESTION. 

TABLE X. 
BOILEES IN fiRSMAN EMPIRE IN TEAR 18W. 

I. — CArSR* OT EXPLOBIOKB OF DlFTflBIST KdHM. 

(A) CoRNisn, 

].— Wmktube 

S. — Wofck matoriU 

8. — Cornmou , 

4l— Short miUr '. „ 

6. — Undne prsunra ,., ., 

8— DefectlvH lltUiig* 

(11) l<*fCAaniBB. 

1,— Wedt tnbo* 

2.— Short w>t«T 

(C) RrroLviKD AND Uuvna. 

1. — Weak numholp . . 

8. — CurrtMum 

8. — CarrloH atUmdant ... ... „, .„ ... 

(C I) BurotviM) ViRTtcui^ 
1. — C'umHriun ... ... 

a.— Shurt wKtwT 



(E) Oval— Two Trnu. 
1.— Codne pconuro 



Total nDinber of explodoiu 

II. — Cavbu Oklt. 
(A) Bad CoHarRCCTioic oi Uatibial. 

1.— Wedt tnbM 

8. — Weak manhole 

8.— Weak material 



(B) FACI.M TO Bl COSfilCTKD B 

1. — CoiToeioD 

E.— Crack in eheU 

(C) CASHUI ArtHDANCB. 

l.—Sburt water 

S. — Uodae preaenre 

S. — Blow-off defecUre 

t, — Seals or mud 

5. — Uncertain 



E.^AHINATIOII. 
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43 






ni.-us«. «^ Nj_,^ 


r^ 






Eiplodad. Km«L 


iBjumL 




Wine, .inrita, aiirt beer „ 


6 8 


12 




CoUiery 


4 3 


4 




Iron, &c 


3 4 


10 




Wearing anil gjriuning 


3 4 


6 




Choraical, sugu, mi nit ... 


3 2 


6 




Sawmill 


1 






Marine 


1 






Total 


BO 21 

TABLE XI, 


37 




BOILEKB tTKDIB IwaPKCnOS OF 


FOBEION COUFABIES, CUSSIPIBD 








BirtlenL 




No, at 




A>|)li»ltc fiictory 


23 




6.175 






401 


Copper, line, bras, &e 


ei 




UiiBdiT and »a.hiug eetablinh- 




Lime and mortar 


80 




mente 


119 


Machine making 


761 




Colliery 


i,wa 


UiiU'ral works, water, JLe. 


66 




Featber BleauiiiK 


6 


Mills various 


416 




DiitUlwy. 


469 


Mints 


2 




Brewery 


as7 


FarinaCGoua foods, lie. ... 


386 




Priulidg 


II 


Paper and paBtt'bijard 


462 




Cement factory 


62 


Pump making 


2 




ChomicJ factory 


166 




109 




Chocolate and coffoe 


24 


Salt 


8 




Chicory ... 


31 


Mii-tard 


8 




ThrMlung raacbine* 


3 


UnibrcUa and brush 


4 




Ink and ctilonr factory 


171 


Look man ufacturo 


4 




Manure 


71 


Spinning, cotton, and linen 


488 




Iroi^ork 


873 


Starch 


71 




Dyeing and bleaching 


182 


Lithography and atone engraWng 


21 




Flreengine* 


2 


Tobacco. cigS". *<: 


il 




Fire eugine mannf actory 


1 


Tapestry and embroidery 


356 




Cloth factory 


190 


Clay, bricks, and tiles 


249 




Fia.dre«riug 


1 


Tnrf 


IB 




Gu 


155 


Lllramariuo 


24 




Tanning and ahoei 


202 


Agricultural 


191 




Bookbinding 


139 


Wheelwright, ic 


48 




Qumhctoi7 


46 


Glasi 


54 




Casting 


9 


Wearing 


390 




Wood and ivory carving, 4c ... 


71 


Sugar 


1,41B 




PeneU £aclf,rr 


1 


Button 


1 




Boiler works and various boilers 


609 


Cord, rope, twine and thread 






Wool and stocking factory . . . 


889 


(hemp and wire) 


92 




Carried forward 


6.475 


Carried forward 


1^,212 


M 


^^^ 




^ 



44 BOILER ACCIDENTS AND TIlKia PREVENTION. 


m 


■ 




N»o( 






».*^^B 




BoUm. 






Bollen. V 


Brouj^ht furward 


. 12.242 


BroUfflit fornurd 




12,686 ■ 
29 ■ 
129 ■ 
136 


Steel and oatlerj' 


53 
9 


Oils, variolic, and 1bui]>« 
Water work* 




Sulphur 

Joiner, Ac. 


4 

6 


WinemmkiDK ... 




24 






Bnildani- and woodworkiiiir 




Polliliing 


I 






287 


BUU. .tone, ac 


67 






17 


Houm, tbotre, Ac. vcamMo 


n 141 


Clock. and watchei ... 




17 


Steam pl»»gh 


6 




fordo. 


266 


CudlcMtdiMp 


66 






7.103 


Carried forwMd 


. 12,686 


Total 




iW.fi83 




TABLE Xn. 






Cl-ABHIFIKD AOCC 


BDINO TO ElKSS. 






One iinoke tnbe, Coriu 


U 




1,708 




Do. do. 


1 uoder boiler 


120 




Do. d,,. 


oiitirideBro 


84 




Do. do. 


do. 


lb«tcr 


18 






Uim 


8.0S8 




Do. 


do. 


oiit-ido nro 


195 




Do. 


do. 


do. 1 heater.. 


37 




Do. 


do. 


do. 2 or more 


BS 




Winkd 






16 




(hUDway 






151 






6S 




Unkno«Ti 






64 




Urtlril-nlknlBP Iin..{vrt1tfnk t.-l.'u 




Ml 

IS 




^^^^^^ Piedb<ru 




z z z z 




^^^^^L 





« 




^^^^^^B Do. upright, vortinl tube* 


8> 




^^^^^P 


oriiontal tnbM 


1 









1 




^^F 








W 












670 




^^H Looomutive 







81 




^H Marine 








in 




^^1 ndd 








m 




^^H Daij-Paimau 







I 




^H 


... 





u 




^H U nmixdU 


™ 





a 




^H Uowar.1 


... 


... 


» 




^H BeUeviOa 








» 




^^1 Boot 







a 




^H HtdtimolkT 





... 


u 




^B P>nk«h .1x1 Krmml 






181 




^H UfUndcr, pUn .. 







628 






C-rri*! (or-arf 


4387 








^^^ 




^ 
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Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



Brought forward 
Cylinder, I under boiler 

Do. 2 or more 

vertical 

do. fired inside ... 

1 smoke flaOi fired under 

2 or more fines 

1 smoke flue and under boiler 

2 do. do. 
** Bouilleur " boilers, 1 bunilleur 

Do. 2 do. 

Do. I or 2 do. . 

Artige ... 
Henschel system . . . 
Farcot do. 
Multitubular, fired under 

Do. (Weinlijf) 

Revolving, plain . . . 

Do. 1 bouilleur 

Do. 2 or more do. 

Dupuis 

« Tenbrink " boiler 

Chevalier 

Fouch 

Schwanz boiler 
Return tube boiler 
Andere system 

Wolf 

Thomas and Lawrence 



Not reported 



Total number 



TABLE XIII. 
Classified ▲ccobding to Pbbssubb 

2 atmospheres and under ... 

3 do. do. 



4 


do. 


do. 


5 


do. 


do. 


6 


do. 


do. 


7 


do. 


do. 


8 


do. 


do. 





do. 


do. 


10 


do. 


do. 


12 


do. 


do. 


14 


do. 


do. 


16 


do. 


do. 


20 


do. 


do. 



Not mentioned in Reports 

Total No. of Boilers 



6,867 
600 

2,011 

805 

16 

662 

866 

20 

145 

287 

141 

52 

10 

66 

25 

121 

3 

483 

492 

1,692 

83 

1 

1 

8 

32 

267 

17 

1 

20 

14,788 
5,805 

20,593 



897 

1,012 

5,058 

5,961. 

2,808 

283 

99 

3 

109 

14 



1 
4^346 

20,598 



liOlLZW. iVClDKSra anu theib prkvektiom. 



TABLE XIV. 
EXPLOSIONS, 1871-78. 
(A).— TAKEf raoK 0>uitii RBPOsn.— Ssowiira MouiiBa m Cokpaht * 

KiPLOIIONI. 



1. Hanover 


1871. 


1872. 


1873. 


1874 


1876 




1876. 


1877. 


1878. 1 


NttlB 


K 


"^ 


R 


'i 


X. 


283 


448 


B. 


Mo. In 
626 


^ 


^ 


1 


"S." 


'■ 


2. Bumen 


... 














. 368 




368 




374 




414 




8. lUlo 


... 








20B 




302 


3« 


3 


384 




428 








4. Bre-Uu 


un 




160 




305 




393 


660 








67S 


1 


612 




B. Orrcnbach ,. 
















890 




462 




640 




(4« 




7. Hjunburg .. 


281 




801 




409 




488 


628 


1 


641 




662 




662 




8. HuiDheim .. 


470 




C12 




fS04 




6B0 






810 




1.072 








g. Huuchen 


662 




724 


1 


830 




930 


966 


2 


1,176 


6 


1,801 


2 


1,428 


















218 


1 363 












380 




ll.Migd.baTg .- 


>3S 




878 




725 


4 


1.048 


. 1.2O0 


1 


lifts 


2 


laoc 




1,888 




IS. MalbanM .. 


761 




822 




»7 




1^9 


1,332 


1 


1.367 




1,470 


1 






18. Aachen 




















4*0 


,,. 


887 




866 




14. BOTobarg .. 
















. 697 




618 




R40 




660 




16. FnuUort .. 


... 














... 


1 


824 




428 


1 


476 




W. KumlaDteRi. 










... 




BOt 


I m 












919 




18. Kiven 
















. 874 








418 




423 




19. Vien>» 










US&4 




1,944 


1 2.699 


8 


2,962 












20. Lucenu 


... 










1 




1 874 




1,016 


8 


1.182 


1 


1,276 




21. SurbrOck .. 


... 












411 


- 462 




610 




616 




648 




28. Nenwirf ... 


















1 


S66 












t»sa 


a 


2,885 


1 


6.742 


6 


^*i6 


« 12,068 


12 


13,243 


11 


11,364 


7. 


10,076 


3 


(D).— Taxiv nov Fmrai Rsrom. 


e. Bni»di 










496 


L2 


607 


. 1,298 


.. 


1,BH 




1.740 


, 






£3. Pui. 
















. 148 




167 




800 




an 




«■ Lr«- 

a. Liu. 




















200 




812 
S6S 




tn 




X6. Cbrnmlti ... 




























268 


6 


"■■^ 
















. tS9 




900 




4M 


1 














mt 


12 


OT 


. I.T76 




tMl 




tw6SS 


1 


ia 


e 
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TABLE XV. 

CAU818 OF Explosions. — Takvv pbom Fbbnch ahd Qbbman Rbpobts. 

Ybabs, 1871-78. 



A. — Lakcashibb — 



1. — Defective fittings ... 


GemuuL 
1 


2. — Short water 


4 
6 


B. — COBNIBH— 




1. — Weak constrnction 


3 


2. — Short water 


2 



C. — MABnrE — 

1. — Weak constrnction 
2. — Corrosion ... 
3. — Scale and mud 

D. — Plain Cylindeb — 

1. — Weak constrnction 
2. — Defective fittings 
8. — Short water 
4. — Undne pressure 
5. — Corrosion 
6, — Uncertain 

E.— Ttbulab— 

1. — Short water 
2. — Undue pressure 

P. — BOUILLETE — 

1. — Short water 
2. — Undue pressure 
3. — Corrosion 

O. — Rb volving— 

1. — Weak construction 

H.— Vabioub 



I « • • a • 



— 6 



1 
1 
1 
— 3 



8 

6 

5 

3 

1 

2 
— 24 



1 

2 

— 3 

1 
1 

« • • 

— 2 



1 

— 1 

6 

— 6 



Flrondh. 



1 
— 1 



1 
1 
1 

1 

— 4 

1 

« • • 

— 1 



1 
— 2 



14 
— 14 



Total 
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22 



DisooasiON — BOiij:n accidents. 



Mr. D. P. MoBiBOX stated, that in a third paper he intended to take 
np the subject of the setting and arraiigemeut of boilers and their flnee, 
and he hoped to get the assistftuce, as far b^ pnesibte, of the mcmbera of 
the Institute. In a Airther paper he proposed to deal with tlie mutenals 
and coimtrnction of the boilers themselveB, Ue might add, that Mr. 
Marten had been kind enongh to lend a most valuable set of models for 
the proper elucidtition of the paper; and one of their inspcctora, Mr, 
Winship, was present and would be glad to ex]}lain tlicm to any member 
who would like to sec them. 

The Presirent asked, whether it would be better to have the discussion 
now or wait till the whole of the papers wore forthcoming before having a 
general disenssion on the whole? He supposed that before Mr. Morisou 
had finished he would be able to tcU the merahcre which was the safest 
kind of boiler, and also to tell them under what conditions the greatest 
safety could arise from the working of that boiler. 

Mr. MoBisoN said, that as they had the advantage of Mr. Marten's 
presence, there were one or two points in connection with boilers which 
his practical experience would enable him to explain, and which perhaps 
it would be nn advantage to the members present to hear. 

The Pkesident said, he was sure (he meeting would be very glad to 
hear anything which Mr. Marten had to say ujwn the subject. 

Mr. E. F. Boyd proposed a vote of thanks to Mr. Moriaon fcjr the very 
interesting details which he had given the members. He ( Mr, B.) mnst 
express the hope that every gentleman who was concerned in liis own 
department of trade would render every assistance to Mr. Morison in 
trying to make as complete as possible the remaining papers which he 
proposed bringing before them. 

The motiou, seconded by Mr. New all, was carried by acclamation. 

Mr, SIartes said, of course it would have been more convenient if he had 
been able to bear such questions as might occur to tlie members in the dis- 
cussion, and BO if possible to have answered them. He thought the object of 
the last paper was to ascertain whether the inspection of Ujilers was really 
necessary, or whether boilers may, if they are good, be left to themselves 
without inspection. His own conviction was extremely strong on the sub- 
ject that, no matter how good a boiler might he, inspection should be added, 
for no boiler can be relied U{>on that has not been surveyed in all its details 
at least once a year, and lie thooght that the Institution would arrive al tho 
some coDclusion. All boilers, even of the very highest class, and made by 
the most carenil finna, have still been liable to exploeion. Kvils bod arisen 
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which had been thought never would ariac, but whieh in practice do 
arise, and therefore his opinion was very strong — that somebody ought to 
Bee and if possible feel every part of a working boiler at least once a year. 
The reason why he acceded to the request to bring before them these models 
of exploded boUers was, that he thought there still remained many of the 
old mysterions ideas of explosions; for instance, that they arise from elec- 
tricity, or from the decomposition of steaoi, or the spherical condition of 
water) and he thought, theroforo, that more careful investigations by those 
gathering their experience from many explosions would be eitremely 
useful. He had taken very great pains to obtain the record of eveiy 
explosion which had taken place since 1800. He found no other method 
of investigation so good ns making a model of all the parts and placing 
them, first in the pfisitiun in which they were before the explosion, and 
then in the position in which they were found after the explosion ; this 
done, the place where the boiler first gave way became almost invariably 
apparent, and the investigation was narrowed into what made that par- 
ticular place give way, and it was very seldom iudeed that any mistake 
could bo made; but it was too often the case that a cursory view of an 
explosion produced the idea that there must have been some greater force 
in the boiler than the mere compression of steam; whereas, if a calculation 
was carefully made, it would be found that there was no working boiler 
but had force enough within it to blow it all to pieces if only a first rent 
is made. Perhaps he need say very little about any particular system 
of inspection ; that will best be spoken of at a future meeting. If the 
members sliould come to the conclusion that inspection of some kind was 
desirable, his own view was that it was best done, not by Government, 
but by the owners themselves selecting the person who should do it; 
because then those who did it would have to do it well, or they would not 
be employed, and the responaibility to the owners would still remain. He 
thought that this was much more desirable than that the inspection should 
be entrusted to an irrcejionsihle set of Government Inspectors of which it 
would take something like 200 to attend properly to the business. 

There was a class of boilers generating steam at from 500 to COO pounds 
to the inch ; that was not very generally known; and he, thinking it would 
be interesting to the members present to hear some account of the system, 
had brought with him one of the tubes of a Perkins' boiler, and he asked to 
be allowed to use it as an illustration of what he considered to be the theo- 
retically perfect way of using a boiler. Some of the gentlemen present were 
very likely familiar with Perkins' field ovens for the use of an army when in 
the field, a section of which is shonn in Plate II., Fig. 1. They consisted 
vox. xxix.-iin. Q 
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of a number of pipes about half an inch internal diameter, with a BinaU 
qaantit; of water in the end within the fire. Ah the heat nas taken from 
the steam in the t-jp part of the pipes by the oven, the condensed Bt«am 
fell to the bottom in the shape of wat«r and was re-circnlatcd aa before 
without any loss of the orl^al siipplj. In manufacturing these tubes 
one end is first wclde<l up and enough water put iu to fill one-tenth of the 
length; the other end is then put into a smith's fire and welded up solid. 
During this process about ten inches of the tube becomes rod-hot. As 
soon as the blacksmith haa finished welding it up he turns it over, and the 
water runs into the red-hot ]>a.Tt. The first effect of this is tliat the red- 
hot part becomes rapidly chilled, but the hitherto cool part almost instantly 
becomes very hot, showing that the water is qnickly converted into steam, 
and he believed the pressure in the tnbc thus manipulated was fifteen 
atmospbieres. This illustrated the fallacy of the often i-epested statement 
that if cold water is poured on to a red-hot boiler it must necessarily ex- 
plode, for every day hundreds of those are turned over in this way without 
accident. Ue thought that the tube receiving the water so suddenly into 
the hot end might be compared to a boiler, the flue of which is red-hot by 
misadventure, and that the circumstance of the tube not exploding com- 
bated very mneh the theory that boilers must explode simply by throwing 
cold water inio their red-hot flues. This Perkins' boiler was also 
mentioned as an illustration of what was ultimately hoped for in boiler 
engineering. lie thought this oven tube was very nscful as showing 
how stejun might be generated over and over again from the same water 
without any loss, and thus all the difUcultiea attendant on the deposit 
caused by the introduction of ao much fresh water into the boilers at 
present in use would be avoided. In Plnte II., Fig. 2, n slight sketch 
was given of the Perkins' engine, which was driven by a number of 
tubes made in ihe same way as those for the oven, where the steam at 
a pressure of 400 or 500 lbs. to the inch was utilized, condensed, and 
returned into the lower end of the tube with scarcely any loss. He had 
seen one of Mr. Perkins' engines which had worked eight years, during 
which time the boiler had received but very little additional water. A 
great many difficulties could be got over if the ordinary working Iwilun 
could be made to BRsimilate to something tike this conditon. lie did nut 
think it could be done at once, but it was a very g<x)d eitample to keep 
before them of what he thought was a [)erfect use of steam. With regard to 
inspection, he tliouglil that no sttvmpt should be made to |>erHuade the 
public to adopt any [mrtit^ularkind of boiler, but that the insjtectors should 
eudcAvonr to cuiue thoee boilers, which the proprieton thought most 
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snitable for their particular pnrpi)Be8, to Ire so TOnstnictcd and maintained 
aa to be as safe and durable aa possible, and he had iilwaya kopt this before 
himself and the officials whom he directed. 

Mr. H. 8. Newall said, Mr. Marten had referred to Perkins' engine 
bnt had not referred to a stcmner on the Tyne which is fitted up with 
snch a boiler and engine, which works at a jiressureof ■ISOlbs. to the inch, 
and in which the water is so condensed and used over again as to require 
a very small additional supply to the quantity originally introduced. There 
was a very great saving of fuel by the process, as Mr. Perkiiis had stated 
that the consumption was less than a pound and a half per horse power 
perhoor. 



The next paper for reading was one by Mr. Edwin Gilpin, A.M., F.G.S., 
Inspector of Mines, entitled " Notes on Nova Scotia Pit Waters." 

The Phebident said, the gentleman who had presented this paper 
resided at a distance, and, as it seemed to be ii subject which required 
study and did not well admit of being read in pubhc, perhaps it would be 
well to have it printed and laid before the members and then discussed. 

The paper was then token as read, on the understanding that it be 
printed in the TraiiBaetions, and Uie meeting terminated. 
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NOVA SCOTU PIT WATEItB. 



NOTES ON NOTA SCOTIA PIT WATERS. 



Br EDWIN GILPIN, A.M.. F.n.s.. 



The compoBition, BourceB, and effects cif the hidden spriuga of the earth 
are as yet 80 little known, and the field for investigation is so wide and 
varied, that the time has not yet arrived for reliable deduetions ; bat 
it may be expected that at some futare day the compoeition of mineral 
springs and the waters cut by boreholes, &c., may be brought into the 
service of man, and furnish valuable information about the proximity of 
mineral deposits and strata. 

So far as the writer is aware, bat four analyses have as yet be«n made 
of Nova Scotia pit watere. Two of these are of waters from the Pictou 
coal district, and two from the Cape Breton district; they, however, 
represent fairly the characteristics of the waters of the two diBtricts. 

At the BlockhonBG Colliery, Cape Breton, the pit water has a conodve 
effect on the ironwork exposed to its action. The following analysis was 
made in the laboratory of the Canadian Geological Survey, 1872-73 : — 



SugPINDlD MiTTlR. 



Iron (&ep«-salt) 
Iron (uprotowlt) 
Hangiinese 
Alnmiainm 

Calciam 

Magnestam 

Potoisium 

Sodmm 

Sulphuric acid 

Chloric 

Ptiosplioric acid ... 
Organic mutter . . , 
Total 
WaWr, jellowish-bni 



In SoLrTioN. 



IGIO 

am 



■0618 
■0184 
-16B4 
■0116 



■2844 
3-n094 



M 
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The Blockhouse Seam immediately overliea tlie Gowrie 8e«m, worked 
by Meesra. Archibald. la Vol. XXVI., p. 5G, of the Tronsaetiona, there 
is an intereating account of the difficultiee that gentleman met with in 
overcoming the deetrnctive effects of the water found in their pit. There 
is no analjeis of the water from ths Gowrie Stine, but, from its appear- 
ance and action, there ia no doabt but that the analyaia given above wiQ 
also indicate ita composition. 

At several other collieries in the Cape Breton district similar corrosive 
powers appear in the pit waters, and have caused mnch annoyance to 
those engaged in conducting mining operations. 

Direct-acting force pmnpe are very generally employed, and frequently 
require replacement of the iron working parte by compositions similar to 
that used at the Gowrie, such as braaa, Itabbit metal, and lignum vitie. No 
doubt the heat induced by the steam would tend to increase this corrouve 
tendency, but the portability of these pnmps, and the general adoption of 
slope winnings, cause their retention. When, through ignorance or a false 
economy, these waters are introduced into the colliery boilers, an imme- 
diate and energetic corrosion takes place. Tho boilers used in Cape 
Breton, with a few exceptions, are cylindrical egg-cndcd, externally fired. 
The action of the water is shown by cntting the rivet heads — severe pit- 
ting, a planing away of some of the plates over a space of several square 
inches, and generally a deposit of hard scale on tbe lower back end plates. 

A scum- collector, invented by Mr. W, M. Biunble, Mechanical Super- 
intendent, Cape Breton Coal Co., has been found to materially prevent 
the destructive effect of these waters at the Emery Colliery. The descrip- 
tion of it is from the Report of tho Inspector of Mince for 1877 : — " It 
may be described generally to consist of a two-inch pipe leading from near 
the back end of the boiler up to an 18-gallon receiver, placed above the 
boiler and nearly over the fire bridge ; from the receiver (lass two pipea, 
one to the open and the other directly downwards through the shell to 
low-water hue, where it branches into two transversely-pUtced bell mouths, 
each having a diameter equal to the differeucc between high and low-water 
in the boiler. The circuit being made by tlie necessary valvce, a current 
of water flows through tlie system in a contrary direction to the order of 
the above description. Then as the strongest ebullition occurs where tho 
bell mouths are (ilaccd, the scum in the water is thrown to the surface 
and passes up into the receiver where it settles, and from which it is 
periodically blown out through the second pipe." 

The pit water from the Gardener Colliery has developed all the above 
injurious qualities in a marked manner. The foUowinj; aoalyus of thia 
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water, made by the writer some time ago, shows a composition similar to 
that of the Blockhouse water ; — 

Iron sulpliato 8750 

PotoEuum Bulphate '186 

Cftlciiitn carbiiimle -TSe 

Mignerium carbonate '025 

Sodiom cUlorido , "960 

Alanima trsoe 

Silica -226 

ToUl in l/WO parte *iH 

Water, clear witli blaiah (bade ; after staniling, deposited roddisli lediment ; add 
reaction, and bigbl; Htjptic Csate. , 

This water also exerted a corroBivc action on the force pomps and the 
wronght-iron rising columns. The action on the latter was mitigated by 
a coating of oxide of iron deposited by the water. As this coating was 
nearly one-half inch thick in a 5-inch pipe, the partial protection thus 
afforded waa attended with a lessened area through the pipe. 

Passing to the Pictou coal-field there is a class of waters of a totaUy 
different character and of a comparatively innocuons nature. The follow- 
ing analysis of the pit water of the Vale Colliery, made by the writer a 
abort while ago, is as follows : — 

Iron ami alumina ,. . ... ... , tracea 

Uagneaiu ID carbonate » 

Calcium carbonate ■■ 

Sodium cliloride r«a 

•Sodium carbonate 7"609 

Magnesium luipbate '100 

Calcium aulpbate... ... '614 

PotttBginm,.. tracea 

SiUcious matter , 'la) 

Organic mattifr ... ... ... ... ... ... ... trace 



Tntalin 1,000 parti 
Water, clear and colourlcsa ; at first it gave 



9765 

I, but after boiling Iwi 



' Bjipeated » Itrgt UiAt Use dft^rmLDndtm i 
la an ■TengH it both detennioAtldDa. 



This water has been used a little as a boiler feed, and has not shown 
any injurions effects. 

The second analysis of Pictou pit water now given is one of the water 
fi'om the Nova Scotia Colliery, situated at the western extremity of the 
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dUtrict, made by Dr. H. How, King'a College, Windsor, N,S., giTing tl 
followlDg results : — 



Silio 

Cftlciiim c&rboiute 
Mag^ennm cwbonate 
Iron c&rbonste ... 
Sodium ehlorido ... 
I'citaHlam sulpluto 
Sodium mlptutto ... 
dlum Mrboiute 



■460 
10-690 
a-670 

1-170 



Water, bright and rlcari no odour, ■lightlj' Bcidi after boiling gave Ukalina 
raBctions. Calculated in grains to tbe imperial r«1Iod. 

These waters have been used to some extent mixed with surface water, 
with no markedly injurious effects. 

On comparing the Pictou and Cape Breton pit wateni it will be at 
once seen that the latter contain very large quantities of iron snlphal«a, 
and the former large percentages of alkaline carbonates. These waten 
all differ from any of the Canadian pre-carboniferons waters, which are 
fullj described by Dr. Sterry Hunt in Sir Witliam Logan's " Geology of 
Canada," 18G3. The Canadian waters, arising from comparatively nndia- 
tnrbed mcaanres, present constitncnts derived from limestones, dolomit«a, 
argillaceous sediments, and feldspathie rocks, which admit of their division 
into six claases. The number of Nova Scotia pit waters analysed is too 
small to admit of any deductions which can be considered reliable. Bnl 
there arc a few points, which may to some extent account for these widely- 
divergent result*. In considering the composition of these pit waters 
fjnnd in workings of moderate depths, it may be assumed that they are 
aocamulated partly from surface water filtering downwards, and partly 
from water rising from lower measures by hydrostatic preeeuro through 
the strata, or by means of faults. 

The strata containing the Cape Breton coals are largely composed of 
BaDdatoQ(r8, many of which hold numerous disseminated crystals of iron 
Bulpburets, while the shales which predominate in Pictou County are 
comparatively b&i from this ingredient. This and the larger percentage 
of iron pyrites and organic compounds of sulphur in the Cape Breton 
coals may acootmt for the large amounts of iron sulphates the former 
contain. Tike preponderance of sodium chloride in the Pictou pit water 
may be explained by ilie fact that on the southeni edge of the disti'icl, 
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lence the waters analysed were taken, the Lower Carboniferona lime- 
stones and gypsums cDmc against the coal-measures with very little 
intervening miilBtone grit, and the heavy faults bounding the district 
would allew the admission of their waters to the workings. In Cape 
Breton, on the other hand, the coal-menaures are comparatively undis- 
turbed, and a great thickneBB of millstone grit must intcrveue betiseen 
them and the marine (Lower Carboniferous) limestones. In both district* 
limeet'ine is almost entirely wanting in the coal -measures. 

The following analysis of a Cape Breton Lower Carboniferous wafer, 
from the Little Narrows of the Bras d'Or Lake, made by tlie analj-st to 
the Geological Survey, 1873, is given for comparison : — 



SodiaiQ chloride , , 

PiiUMiitm chloride 

Mognerinm cblaride 

Cnlcinm •nlphate ... ... 

Alnmiua ,. 

Silica 

Ferric aiido auHppnded, origiuallv preieiil, probablj u 

ferniui cwbon«te 

Totol in 1,000 pwi. 



60-6881 
1942 
'169E 



■0054 
667279 



This fairly represents the composition of the Tjower Carboniferous 
waters, although in e.-ises where they rise from highly gypseous portions 
of these measures, the calcium sulphate sometimes predominates. 

This derivation of the sodium chloride from the marine limestones in 
the case of the Picton waters may be supported by the fact that at the 
Vale Colliery, where the Lower Carboniferous measures are a CJjmpara- 
tively short distance away, the cleata of the coal are frequently coated 
with films of fielenite up to one-quarter of an inch in thitknese ; and it 
will also be observed that tlie water from this mine contains a consider- 
able amount of calcimn sulphate. The unusually large percentage of 
sodium carbonate present in the waters from the Vale Culhery does not 
at first seem eaeily accounted for, unless it owes its origin to the argilla- 
ceous shalefl which were formed from the granites and silurian slates of 
the hills lying to the south of the district. 

The comparatively small amounts of magnesium salts present in all 
the Nova Scotia pit waters may perhaps be owing to the fact that this 
mineral is not abundant in the province — an average of twenty analyses 
of Lower Carboniferous limestones giving but '75 per cent, of magnesium 
(sarbonate. 



PROCEEDINGS. 



G. C. QREESWELL, Esq.. Phebidknt, in t 



The Rechetaht read the minutea of the laBt Gencriil Meeting and the 
minut«8 of the Coancil Meetinga. 

The following gentlemen were then elected : — 

HONOHAHT MKUHEK — 

Mr. Q. A. Lebofh, Professor of Geolngv, College c^f Pliysiosl Soience. 
Neivcastle- upon -Tjiie. 

Mr. TnoHAS U. Macsiniat, Wwt Pdt^n Cnllier.T, Chcrter-le- Street. 

The following gentleman waa nominated for election &t the next 
meeting : — 

OBDisAnr Mehbeh— 
Mr. JosBPfl Pons, Jun., Architect »nd Siirvejor, North Cliff, Bdltor, 
Sander land. 



Mr. C. Z. Bpnsiwo then read the following paper by Mr. J. K. 

Guthrie and himself: — "Deecription of an Instrument for Agcertnining 
the Inclination, from the Perpendicular, of Boreholes, and the Direction 
of Buch Inclination." 



INCLINATION < 



DESCRIPTION OF AK INSTRTIMENT FOR ASCERTAINING 
THE INCLINATION, FROM THE PERPENDICULAR. OF 
BOREHOLES AND THE DIRECTION OF SUCH INCLI- 
NATION. 

Br CH. ZIETHEN IIUNNIXO and J, KKXNKTH (lUTHRIE, 



The inBtrument under notice is the invention of G. Nolten, Dortmund, 
Germanj, who, although not connected with the miniiif! profession, hap- 
pened to overhe&r & discussion between some mining engineers as to the 
want of some such instrument, and was thus directed to the study of the 
question. 

As in the case of many other discoveries, which are often the result of 
some apparently trivial circumstance, the Bight of a ring or surface marginal 
mark left by some valer, which had been standing lor some time in a glass 
bottle, led Mr. Nulteu to his first idea of the instrument. 

The writers were directed to the study of this instnimeut by au article 
in a German scientiiic joiunal. 

It is well known that boreholea, especially tiiose lx>rcd with turning 
tools, are never perfectly perpendicular, but deviate more or less from the 
vertical; yet, until now, no method or instrument has been devised either 
to find this degree of inclinatiou or its bearing. 

The knowledge and application of such information moat always be of 
the greatest importance if inference is wished to be drawn as to the exact 
vertical depth of such boreholes. 

As many calculations depend upon depths from the surface, such aa, for 
instance, the temperature of the earth's crust, depth of seams, thicknees 
and dip of strata, etc. ; and as these data are generally taken from bore- 
holes, it must be obvious that the correctness of such calculations must 
, depend greatly upon these deptlis being accurately known. 

The depth of boreholes is generally taken u; on the supixeition that 
they arc perpendicidar, and that their measured depth is the vertical 
distance below the surface of the earth ; but it has already been stated, 
that no borehole is in an esact [wqwndicular position, and in many cases 
significant deviations have been known to exist which would give an 
eiToneouB result by denoting a greater depth than is actually the case. 



62 AN INSTHITMKST FDll AKt'BltTAININd 

THE PRINCIPLE OF THE IN8TRCMEXT. 

The working of this inetnimcnt dcpeuds upon two circiimstanix's, 
viz.: — The feet of liqaids always Bcekiiig their naturttl level; and, 
secondly, in recording the angle made by a liquid with &ny given base 
by tile action of hydrofluoric acid in el«hing upon glass. 

The anneiod figure is a section of the inatrnraent used to obtain the 
angle of deviation. It consists of aground flat-bottomed colourless glass 
vessel, the sides of which are exactly at right imglea to the bottom. 



Into this vessel is poured one part of hydrofluoric airid to four part* of 
water, filling it half full. 

If the instramcnt 18 then placed in an inclined position, so that, for 
instance, the water leiel tftkes the line of a h, and if kept still for half an 
hour, the level of the liquid will be marked in the sha](e of a ring upon 
the glass, which is formed in such a manner that exactly at the level of 
the liquid a b the inntT port of the glass towards the bottom will be etched 
to the extent of one-lenth of its thickness. 

Then some of the liquid is taken out. so that its level in a horizontal 
position will mark itself below the lowest line of the first mark, 

The glass is then placed upon a perfectly horizontal siiri'aco, and being 
kept in this position for half an hour the liquid wilt make the mark d e. 

By pouring out the liquid and cleaning (he glass the two marks 
will be seen clearly and distinctly while the glass will remain perfectly 
tran spare ni. 

In the above figure IVom the height b c take thepart/r, which is eqoAl 
to a d, then the angle at/will Ixj clearly a right angle, and the triangle 
a/ b a right-angled triangle, of which tlw sidefl n /and /b nn known, 
and therefore the angle b a fi» also known, which is the angle of deviation 
from the perpendicular. 

In practiw the glass is platvd in a water-tight iuRtrument, of which 
Fig. 1, Plate III., is n section. 



THE I.NCl.INATION OF BOREHOI.KK. C8 

It has the fonn of a round -ended cylinder, with a rod paBBinp through 
the top, having serewed ends, of which the top fits into the bore rods or 
rope need in lonering it. 

The protniding flanges k and b are giitta porcha ringa, which prevent 
the inBtnitnent from falling heavily when being lowered. 

With the exception of these parts the instniment is made of brass, on 
aoconnt of the magnetic needle which is enclosed. 

The glass containing the etching liquid is closed with a lid and placed 
in the interior of the cylinder upon a plate which IH set exactly at right 
angles to the aides of the cylinder. 

During the lowering of the instrument the acid is in constant motion, 
and therefore the iuner surface of the glass is etched equally all over. 

The instrument is kept quietly hanging at any depth, where an obser- 
vation is to be taken, for half an hour. It ia then drawn up and the mark 
etched upon the glass is found nnweakened, notwithstanding the lower- 
ing and bringing up, which, as before said, on account of the osciilatiuna 
of the liquid, etches the glass regularly. 

After cleaning the glass, the jjrocess before described is gone through — 
that is, a leas quantity of liquid is poured in, so that the glass being held 
in a horizontal position, the level of the liquid will be a little below the 
lowest mark of the etched ring. 

It is now again placed in the instrument, which is allowed to hang 
freely above the surface of the ground fur half an hour, when of course it 
will be in a perpendicular position, and the acid will give the horizontal 
mark requu^d. 

This mark can also he obtained by allowing the glass to stand upon a 
perfectly horizontal surface. 

Having thus obtained these lines, the angle of deviation i^m the 
perpendicular at a measured depth of the borehole is arrived at. 

This result being obtained, there remains now to be found the direction 
of this deviation in a horizontal plane, that is, its magnetic bearing. This 
is found as follows : — The glass containing the etching liquid is fitted 
into a ring which is in rigid connection with a compass, and is 
similnrly divided into degrees. If this comiection, of which the glass 
with the ring and the compass are parts, is inclined in any direction 
whereby the line of inclination is found by means of the liquid in the 
glass, the direction in a huiizontal position of this line is read ofi* by the 
divisions on the ring in which the glass is set, if at the same time the 
compass is read, the difference of these readings will be the magnetic 
g of the line of inclination. 
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In carrying ont this method in practice, it is necessary that the reading 
of the magnetic needle in the borehole ehontd be recorded when the 

instramcnt is brought Co the surface. This is accompUshed by fastening 
the needle in the borehole, by means of a watch (fwnnipg port of the 
instrument), after snfficient time for settling has been allowed. 



DESCRIPTION OF THE INSTRUMENT. 

The cylindrical cosing of the instnimeut is shown in section. Plat* III., 
Fig. I. The opening a a of the cylinder A, Fig. I, is shown in Fig. 3 in 
section and in Fig. 4 in perspective. Into the space dp is fixed, by means 
of a rod, the instrument shown in Figs. 2 and 5. which consists of three 
plates, a, c, and o. Fig. 2, shown by dotted lines in Fig. 1. 

These plates or divisions arc placed at right angles to the longitudinal 
axis of the instmmeut, and are connected together by three vertical strips 
of brass, shown in Fig. 5. 

Fig. 4 shows the inner projecting flange of the cylindrical casing, also 
seen in a d. Fig 1. This flange is divided into six equal parts, three of 
which arc alternately cut out. Fig. 5 shows faow the three plates are 
similarly cut out, so that they can slide through the projecting flange. 
After sliding the inner instrument through the flange in Fig. 4, it is turned 
one-sixth of its circumference towards the right, the catch z preventing it 
from going further ; then the three onter jirojections of the upper plate in 
Fig, 5 will stand under the three inner jjrojecting parts in Fig. 4. 

The cover o a, Fig. 1, is now placed o^-er the rod, which, by means of 
the nut m, can be tightly screwed down. The rounded end pieces in 
Fig. 1, held by nuts, are only used to round Die instrument. The glass, 
containing the etching liquid, is plac<.-d in a brass ring, kmo, Figs. 9 and 
10, which is fastened into the lowest plate. Fig. 2. 

This glass is closed by a flat lid, the lower surl^ of which ts lined with 
gntta-pcrcba, and which is kept in its place by the cone g h and a screw 
above. 

The compass is placed upon the middle platC, the pin upcjii wliich the 
needle swings l>eing made high. Over the compass is placed the wat£^ 
with itsstop arrangement, which is shon-n in natural sisc. Fig. 1, Plate IT., 
Knd in Fig. 3 the lever arrangement is seen in twice its natural size. The 
\ mtch is fastened on its upper side to the plate e, and on the lower side is 
soldered the pin d which kceiis the watch in position by fitting into the 
hole in the guide d, shown in Fig. 6, Plate III. 

The winding axle which is lengtliened ontwardly, and to which is con- 
nected B small metal plate fR, Fig. 1, Plat« IV., pnshes the Icvor smngi.- 
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^^V ment hy means uf a i>in towards the right j thig jiin is seen at d in the 

^^m email anchor d r /, Fig. 3, Plate IV. This anchor is eketched as seen 

^^M from above, and the rods under it are drawn in elevation. The former is 

^H placed in a horizontal position on the vertical rod a & r, upon which a 

^^H movable rod turns on tlie axle g. 

^^M Upon the top of this rod the catch/is fixed which moves in the slotting 

^^M / of the anchor, while the pin r of the latter fita into the hole r shown 

^^B in the rod a b r. In the lower catch p the moving rod acto npon a 

^^B brass spring x. 

^H When this rod is moved towards the right, the spring is released and 

^^H strikes the pin h in Fig. I, which, on being pressed down, fixes the mag- 

^^H netic needle. In Fig. 2 the movable rod is shon-n in two jmsitions before 

^^H and after being stopped. Tlie pi>int d is kept out of reach of the plate m 

^^M hj the movable rod and ret-ained in that iiosition so that the watch is 

^^M free fo work. The anchor and movable rod are held fast in the position 

^^M shown b; the dotted lines, The stopping of the watch at any required 

^^H time is eflected by the placing of the plate m, in Fig. I. 

^^M This plate, as shown in dotted lines ni the figure, is placed at the 

^^M number 4 if the watch is reijuired to fix the needle afk'r an interval of foiu-- 

^^B fonrths of an hour, and is placed at the numbers 3 or 5, if it is desired to 

^^P fix it at three-fourths or fice-fourtha of au hour respectively. 

^^M Should it take, fur example, half au hour to lower the instrument to 

^^H the measured depth where it is to remain, the stopping of the magnedn 

^H needle occurs when it is in perfect rest if the plate m is set on the 

^H nomber 3. 

^^M That the stopping of the needle is occasioned through the plate m, and 

^H not. perhaps, hy the shaking loose of the spring in lowering, and also that 

^^ft it takes place at the required time, is proved by a small mark, made by a 

^^B pencil fixed in the point of the anchor, upon a piece of paper fixed 

^H npon m. 

^^B The compass case. Fig. ] , is covered by a glass lid, kept in its place 

^^M by a pin placed above. The upper rim of this lid is divided into a hundred 

^^H parts, visible from within and without, and stands concentric with the ring 

^^f (Figs. !* and 10, Plat« III., k m o) in which the acid glass is pkced, the 

under half of which, m o, is also divided into a hundred parts, so that in 

both vessels the zero point and alt other divisions stand vertically under 

each other. 

I The upper half of this ring is turned down to half its thickness seen 
in Fig. 10, Over this part a brass ring is fitted, which can be tnmed 
round and is divided into 3G0 degrees. 
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Suppose, Pir example, the north point of the needle in Fig. 3 is to the 
riybt. Also suppose the glass fixed into the ring. Fig. )0, haa the et<;hed 
marks shown in Fig. 7. The dip of the instrnmcnt will be towards the 
south, the dip being where the water level ff 6 is lowest, therefore towards a 
which stands exactly opposite the north point if the marks are as shown. 

In Fig. 8. witli tlie lower curve as representing the lowest point 
which is exactljr in the middle of the hack side of the glass r, the dip 
will in this case be towards the west. If the upper ciirt-e in Fig, 8 
represents the lowest point of the etching liquid at y, so will the dip be 
south-west. 

I'o tiud easily and at the same time accurately the direction of the dip 
of the instrument, the position of the north point is compared with the 
tjefore-described glass lid of the cora|ws8, which is divided into a hundred 
parts, and the nnmber on the oompaas holder which hap|iens to be opposite 
the north point of the needle when stopped. 

Take, for example, this number to bo 50. Then the movable Hug 
i m is turned round until the sero point is over 50 on the bottom ring 
m 0, which is concentric with, and similarly marked to, the divisions on 
the compass case aboie mentioned. Upon the movable ring, the uero 
point of which will be vertically under the north point of the needle, the 
bearing is read of the lowest point of the etched ring in the glass, which, in 
the example given in Fig. 7, is 180 degrees, and in Fig. 8, 270 degrees 
and 23.'i degrees respectively. 

Finally, the Figs. 4, 5, 7. Plate IV., represent the screw press, which Is 
placed oTor the lid of the instrument a o, Fig. I , Plate 1 1 1. The key. Fig. C, 
works in the space g of the part Fig. 7. On this press being pUiced over 
the lid, prcMure is brought to bear on the cover » o by means of tlie two 
screws shown in Fig. 4, the preosure being followed np by the nut m o, 
turned by the key Fig. G ; the whole of which is shown in section Fig. fi. 
AD«r sufficient pressure has been bronght to bear, the nut h is loosened 
and the parts 4, It, and 7 taken olf. 

This covering, together with the packing round the rod, has been proved 
water-tight at a deptli of 8,:!80 feet. The manner by which the middle 
rod is mode water-tight is shown in Fig. I, where a d represents a sort of 
metal gland, roimd the top inner edge of which packing is placed. 



TRIAL OF THE IXSTItUMEST. 
This instmment has nndergone many Iriala which, as regards accuracy 
inongst others — 
connected togi-tlicr, making a length of 



and reliability, were succesafiil; i 
Two wrought iron tubes w 
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8^ feet, this tube was made fast, and the instrumeiit placed first in the 
top, then in the middle, and lastly in the bottom. The acid mark gave 
the following reaulte : — 

No. 1 positiou, a dip of &C SS*. 



It is to be here noted that in the first position the inatroment did 
not follow the inclination of the tube. The reading of the glass can be 
made more accurate if a gypsum impression is taken of the inner port of 
the glass. The curves formed on this cast, near the highest and 
lowest parts, are enlarged by photography two or tlmje times, and 
upon the photograph the height of Uiese two points is read by the Cathe- 
tometer. According to the trials above given, it was evident that the 
instrument wonld give the angle of inclination of a borehole as accurately 
as it could afterwards be plotted by the protractor. 

Regarding tlie accuracy of the bearing of the dip of a borehole, trials 
were made in the same wrought iron tube. The bearing of this tube in 
the ordinary manner waa found to be 114 degrees 22 minuteaj the in- 
fltnunent gave at the top, however, 107 degrees, in the middle 75 degrees, 
in the bottom 176 degrees, giving an average of 113 degrees. 

It will be Been from the above numbers that the individual readings 
differed considerably, while the averages differed only four or five degrees 
from the true position. This inaccuracy was evidently caased by the iron 
tube, the longitudinal scam of which made the iron double at one side ; 
also where the two tubes were joined together there was an estra quan- 
tity of iron, thus making its attraction unequal. 

The separate measurements therefore would never be correct, and the 
average of a number of measurements would be the only accurate way of 
finding the tnie result. In boreholes the results will not bo much affected 
if the instrument is placed in the middle of the tube lining, and if the 
tubes are not possessed of longitudinal seams and joints. Also as two 
tnbes, when joined together, will perhaps not be exactly in one plane, this 
instrument will not be able to take measurements in such positions. 

There is yet another source of error, where different sized tuljes are 
used, one within the other, in lining boreholes, these being nearer to- 
gether in some places than in others. This error may however be cor- 
rected by taking a series of measurements, which may be individually 
urong, the a\'erage of which however might be correct. 

A gutta-percha flange is used to keep the instrument in the middle of 
the tube. 
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In consequGUOG of the magoetism of the earth, the whole iron tnix: 
in a borehole beeomoB a magnet, of vhieh the tup is the South Pole nnd 
the bottom the North Pole ; between these two ends, in the middle, there 
will be a neutral position. Nothing lias been done to satisfactorily show 
the action of Boch a mngnet on the magnetic needle, bnt very probably 
it would have the same effect as if an electric current was passed through a 
Tertical wire spiral, in the middle of which a needle is poised. In the latter 
case the mnguetic needle is placed bo that it can move freely both hori- 
zontally and vertically ; and if an electric stream is passed through, 
going in the direction of the hands of a watch, it will have the effect of 
sinking the north end of the needle, but will not hinder the horizontal 
movement. The same will also hold good in a perfectly homogeuconfl 
iron tube, when the declination of the needle will not bo uiTentfid so long 
as the inclination of the needle is not in a vortical position, in which case 
of course the horizontal movemeut of the needle will be destroyed. In 
this instrument the magnetic needle is poised ujmn a high vertical pin, 
and its north end is loaded, so that under ordinary circumstances there 
will bo no inclination. The instmmcnt is so constructed that if the 
needle has a greater inclination than 18 degrees, it will not be free to move 
in a horizontal direction ; therefore the angle of a borehole from the ver- 
tical, together with the effect of polar magnetism, which power is unknown 
and T&riable, must not be greater than tliis angle if the instrument is to 
bo used. The instrument can, however, be tested as follows : — Observa- 
tions must be taken several times in one and the same position, and If 
they at all resemble each other, it is obvious that tho 18 degrees inclina- 
tion has not been exceeded. However, from the foregoing, it will readily 
be understood, that in an iron-lined borehole, results in any way accurate 
can only be arrived at by taking a number of observations which will in- 
dividually correct each other, and bring llie result near the truth. In a 
borehole not lined with tabes the above sources of error entirely disappear; 
but in spite of this, care must be taken in iibscn-ing the magnetic needle. 
Several observations should be made with the needle, to see that in the 
act of stopping, it has not got moved, and if these results anywhere 
resemble each other, it may be taken that the needle has not been moved. 

In boreholes iift much out of the vcrtic«l the instrument will be 
difficult to read, on account of the two acid-eaten marks (the angular and 
horizontal) running nearly parallel with each other, and therefore the point 
of the greatest and smallest de\iation will be difficult to End exactly. 

It will thus lie seen that the finding of the inclination Of a borehole 
will be subject to a small errur, and thu bearii^ to a larger otw. 
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Althongh it cannot be denied tliat this inatniment is only of limited 
application, especially aa regards the compass bearing of the inclination, 
it muBt be Been that in certain caeea very valnable information can be 
deriTcd from it which otherwise wonld be unattainable. 

PRACTICAL WORKING OF THE ISSTHUMKNT. 

The instrument haa only been practically tried in five boreholeB, viz.: — 
in the borehole SiriUB, near Creiield, TelluB by Uerdingen, and Berggeist, 
all of which were put doivn by percuBsion boring. The borehole SiriuB 
gave at a depth of 890, 1,100, and 1,230 feet, an equal inchnation from 
the perpendicular of three degrees, with the bearing W.S.W. 

The borehole Tellns, at depths of 750 and 796 feet, an equal declina- 
tion of 11 degrees N.W. 

In the borehole Berggeist at (iOO feet, the inclination waB 4^ degi-eea. 

In the summer of 1874, the borehole GuBtav Adolph, near DienB- 
laken, bored with a turning borer, was Btopped at the depth of 750 feet, 
with the intention of proceeding with it at a future time, and waa tubed 
all the way. This borehole was experimented on with the inBtmment, 
and gave the following results ; — 

At a depth of 200 foot 2° inclination. 

300 „ Bf 



After this it was decided not to proceed with the boriug. 

The most interesting experiment made with this instnimeut was mode 
in the deep borehole bored by Mr. FiscuB, near Lieth, in Holstcin. The 
results were as fuUows: — 

1. — At 328 feet tlie borebole wag perpendicular. 

8. — At 666 tent it liad a visiblo inciinatioii, wliioh at 984 fcai rose to 

three degrees. 
3.— At 1,640 f««t the inoliniitioii was romll, but at 2,634 feet it rose to 
one d^ree, aud kept at tliat to a depth of 3,2S0 fe«t. 

Two experiments were made with the compass at 1,G40 feet and 2,296 
ieet, the first of which showed a bearing of N.N.E. and the latter N.N.W. 

As regards the impermeability to water of the instroment, the follow- 
ing experience was gained : — When hard or soft gutta-pereha was used, it 
proved ineffective at a depth of 1,312 feet; but when varnished paper 
was used at a depth of 3,280 feet, no wat«r was found in the iuEtrument. 

The diameter of the instrument is about three inches, and could there- 
fore only be used iu a four-inch borehole. 



70 



IUKCUSalON — INOLINATIOA 0¥ BOREHOLES. 



By means of new boreing machineB (diamond boring, for inBtance) 
smaller holes ean bo hured to greater depths. 

For such boreholes an instrninent has been constrnctoJ, with a dia- 
meter of Iwo and a qaai't«r inches, which can be nsed in a three-inch 
borehole. 

In eonclasion, the nriters may say that by the time the diEciiBsiun of 
this paper comes on, they hope to be in posseaaiou of the instrument, and 
to have made a series of experiments with it. 



The Prkbident, referring to the admission that there were errors 
observable in the direction of the needle, and that only tlie mean of a series 
of observations was recommended to be taken, wished to know if these 
errors might not all be in one direction, whiuh would render any averi^e 
taken from them nnrcliablc also? 

Mr. X>. P. MoRiKON, referring to the desoription of the borehole, which, 
when lefltt.-il by the matJiine, was fairly perpendicular fur some ROO feet, 
gave sulacqiiently an iiicliimti'-n frfim the perpendicular of »i degri^rs at 
*80 feet, and 47 degrees or rather more than half a right angle at 750 
feet, thought th»l there must h&ve lieen some ctivitj in which the iuetru- 
ment had entered and fallen on its side, for it was inconceivable that it 
would have been possible to have bored a hole at this angle by any of the 
appliances in use in tliis country. He noted that the hole was stated to 
have been tubed for some distance, but possibly the instrument might 
have gone fiirther down than the estont of the tubiog, antl theu took its 
inclination. He also considered it most important U) ascertain how fur 
the true direction of any deviation from the perijendicnlar might be read 
by the means suggested. He thought that the question as to determining 
the perpendicularity or deflection and the amount and direction of such 
deflection, if any. of boreholes, a most important one, and well deserving 
the senons coisideration of the Institute ; and he thonght that the 
authors of this paper deserved the thanks of the members fur bringing 
the subject under their notice. 

Professor Herpicuel said, he thought all tlio diSlcultios likely to ariso 
fpaa the instrument getting nnduly dis]}Iaecd in cavities iu the strata 
would be prevented by using it with rods of such strength as would keep 
it true with the general direction of the hole. 

Mr. H. Laws stated, that he considered the parties interested were 
vury niic in abauduuiiig the Gustav Adolph hole, and thought it alnaga 
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that the practical difficulties they must have experienced in making it at 
Buch an oxtmordinary angle had not compelled them to do so before 
they had tried it with the inBtrnment. 

Mr. E. F. Boyd said, that upon first consideration it did seem rather 
strange that a borehole should deviate so much as 47 degrees from the 
perpendicular In so short a distance, but the boring rod might have cn- 
coantered eome obstacle during its descent, such as a nodule of ironstone, 
or some other very hard substance, which had turned it from the right 
direction, and he thought the interest of the paper would be very mnch 
enhanced if Mr. Bimuing oould obtain some information as to the nature 
of the strata gone through- 
Mr. D. P. M0BI8ON thought that if the diagram of the glass veasel 
which coutftiued the liquid was correctly drawn it would scarcely indicate 
so great an angle as -17 degrees. 

Mr. 0. Z. BuNNiNG, in reply, stated, that with regard to the variation 
of the needle in the tube he thought that from some observations he had 
made, assisted by Professor Hcrsclicl, an average of several observations 
would give tmstworthy results. The extreme divergence of 47 degrees 
shown in a borehole, which was alluded to in the paper, did aeem very 
unaccountable; but he could give no further explanation of it, nor could 
he give the nature of the strata gone through, or any further particulars. 
The diagram of the vessel containing the liquid waa not drawn to scale, 
bnt even if it had been, the water would have preserved its true level 
although it might be above one side of the vessel, and although the 
angle certainly might in this latter case be more difficult to arrive at, it 
was by no means impossible to find it. He hoped, however, to be in a 
position to answer some, if not the whole, of the questions when the paper 
was discussed. 

Mr. MoBlsON then moved a vote of thanks to the anthors of the paper, 
which waa seconded by Mr. Laws ; and the discussion of the papers on 
Bope Haulage by Mr. James Pease and Mr. W. Jackson was commenced. 



Mr. John Bbown stated {in a communication read by the Secbetabt) 
with regard to the paper on rope haulage, that seven to eight years ago, 
whilst he was the general manager of the Cannock Chase Collieries, he 
found it necesBai7 to introduce a system of underground haulage at 
one of those collieries, and gave much attention to the best mode of 
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attaching: pit tnba to the endless mpe. After explaininf; his vjewi 
generally to Mr. Jackson, the mechanical engineer at the collierieB, he 
instructed him to TJsit certain other collieries to see what was being done, 
and then to work out the detail for Bome plan of attachment for nrnning 
a number of tubs together and not singly; the result being that he (Mr. 
B.) had laid before him for his approval the mode Mr. Jackson had 
described, and which was found a very satisfactory one for the work re- 
quired. At first he had fully resolved to adopt the "endless chain" system 
— mnning single tubs in the manner so economically adopted originally 
in Lancashire, and which is so fully described in Vol. XVII. of the Tran- 
sactions of this Institute — but he was very much disappointed to find, 
when going most fully intu the matter, that on account of the tube being 
raised a great height almve the top with the large " haudpickcd" cools of 
the district, there appeared to be insuperable difficulties in the way of the 
" endless chain," Where the coal is small and will not admit of the tubs 
being loaded aliove the level of the top, he was still of opinion that the 
"endless chain" will be more economical than either of the inventions 
under notice; but that each of them possesses merits of its own, where the 
coals must necessarily be loaded above the top of the tnbs. He (Mr. B.) 
stated that Mr. Pease's invention was in such cases of great value, and he 
hardly thought it open to the objections made to it by ilr. Jackson, whose 
clip is also very valuable for the particular work it has to do, but there are 
cases where Mr. Pease's clip can be used with much greater advantage; he 
was desirous of seeing its merits fully investigated, as he thought there 
was grcuU.T seoiw for its nso in running single tubs than in running train 
loads, although in some instana« the latter may be more effectual. He 
thought that a full discussion at the meeting would l>e beneficial to both 
gentlemen, as giving them the opinion of practical men. 

The Peksidest said, that where the tube were loaded over their tope, 
and where it was inconvenient for t 
chain to pass over them, he had seen a 
small attachment made on the sides of 
the tubs, as shown in the woodcut, No. 
I, answer the purpose of drawing t 
tnbs perfectly — the chains running by the 
sides of the rood — which he thought was 
also an advantage. 

Mr. Geiffitb stated that clutches 
or "crooks" for attaching tuba singly to 
an endle«B rope by lateral deflection of the 
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To[», on the Baine principle na the one 
mentioned in the paper, worked better 
with the rope at the aide of the tuba, 
like the endless cliain jiiat described by 
the President, than with the rope over 
the top of the tubs. He had seen these 
dutches or crof)k8 (see woodcut No. 2), 
'■'(1 11 f I j*."' with the rope at the side of the tubs 

TJ^ Cr\ ' doing very well. There were, however, 

* * twodefects inseparable toall these Bohemea 

""■^ for attaching the rofje to the side; that is, 

first, that the tnbs would only go round curves whicli lead towards the 
side on which was the rope; and, second, that the side friction on the 
rails waa excessive, and rendered it necessary to keep the road in very 
good order to prevent the tuba getting off the rails. At one colliery he 
had seen the first difRculty overcome by sending the tubs back through 
separate workings in what was termed a " circuit," so that they always 
went one way. 

Mr. T. L1KD9AT Galloway said, that he had seen a very excellent 
mode of setting away trains of some twenty tnbs by endless rope in 
Scotland. A small tram for the set-rider was placed in front of the set, 
provided with a clip somewhat like the one described by Mr. Jackson. 
When everything was ready, the rider got into his tram and lifted the 
rope, which waa continuously travelling at a considerable speed, by means 
of an iron hook into the clip, which he then screwed up at his leisure; he 
could also detach the set at any part of the line by slacking the screw 
without cither stopping or slacking the rope for a moment. 

Mr. E. F. Boyd stated that the system mentioned by Mr. Galloway 
was employed at a colliery at East Tanfield, where a small platform for 
the set-rider was placed in front of the train, but this plan would not 
answer for single tubs. 

Mr. Griffith said, he had seen the principle, and thought the expense 
of the riders an objection to it. In one case that he knew of ten riders 
were only bringing out 500 tons of coals a-day in sets of fifteen tubs, and 
he thought that there was no advantage in having sets as against single 
tubs ; and if it were urged that there was an inconvenience in detaching 
single tubs when they were running fast, he would answer that they shonld 
not run fast, for it waa much more advantageous in all respects to rua 
slowly. 

Mr. J. G. Weeks aaid, he thought that the screw clutch was superior 
to the clip. No matter where the clip was placed it always nas open to 
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the objection of B]ioiling the rope by deflecting it slinrply and by gripping 
it with 80 Hmall a enrface; whereas with the Bcrew clutfh a. very mnch 
larger eurface of the rope was compressed, and the sharp bend almost 
entirely done away with; in addition to wliich the screw action of the 
latter woiild be more reliable and effective in reaiBting the necessary wear 
and tear than the sliding collar or hoop of the clip. 

Mr, D, P. SIoRiROS stated that he had seen the clutch deBcribed by 
Mr. Griffith in use at St. John's Colliery, Normanton, about fifteen years 
ago, and he believed it was still nt work thcR' now. 

Mr. PEAgK stated that he had had considerable experience both with 
Mr. Jackson's screw clip as well as with the vertical dip deficriiied by him- 
self ; the former he found would stand a frictional strain of about 8 cwts., 
and is usnally worked with a small set of four tiilis, each carrying 14 
cwtB.; a second dip Is rucpilred at the end of the set should the mod be 
undulating. The clip alluded to by Mr. Galloway was much more power- 
ful, being equal to about 15 cwts., and could be used for large trains of 
10 or 20 tubs, according to gradient. He considered that the clip of Mr. 
Jackson stood midway between this and the vertical one he had described. 

The meeting then terminated. 
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PROCEEDINGS. 



GENERAL MEETING, SATURDAY, DECEMBER 6th, 1879, IN THE 
WOOD MEMORIAL HALL, NEWCASTLE-UPON-TYNE. 



A. L. STEAVENSON, Esq., ik thb Chair. 



The Secretary read the minutes of the last General Meeting and 
reported the proceedings of the Council. 
The following gentleman was elected: — 

Obdinaby Membbb — 

Mr. Josbph Potts, Jan., Architect and Surveyor, North Cliff, Roker, 
Snnderland. 

The following were nominated for election at the next meeting : — 

Obdinaby Mbxbbbs — 

Mr. Edwabd Gawleb Pbior, Government Inspector of Mines, Nanaims, 

British Columbia. 
Mr. WiLLiAir Fbbderio Butlbb, Civil Engineer, 6, Queen Anne's Gate, 

Westminster, S.W. 
Mr. William Ackboyd, Jun., Morlej Main Collieries, Morley, near Leeds. 

Student — 
Mr. R. Cecil Pbake, Harton ColUery Offices, South Shields. 
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VISIT TO THE WORKS OF MESSRS. BLACK, HAWTHORN, 
AND COMPANY, GATESHEAD. 



DECEMBER Crs, lS7il. 

Bt the kind permiBeion of Mesgra. Black, Hawthorn, and Co., of Gatee- 
hcad, the works belonging to that firm were open for inspection to the 
members, and a largo number availed themaetves of the opportunity. They 
were received by Mr. Hiiwthom, who conducted them over the works, and 
also exhibited and described to them the new tram locomotive invented and 
patented by the firm. It has been designed and conatracted for street tram- 
way traffic, and ib very short and compact, with the object of convenience 
in working in crowded thoroughfares. It is also constructed according to 
the Board of Trade requirements in respect to absence of steam, smoke, 
and noise, whilst working. The form of the locomotive reaembles that of 
a ti'amcar, the idea being to avoid frightening horses, and there is no part 
of the working machineiy visible. The engine is carried on four wheels, 
all coupled. It is on the compound principle, the same steam being used 
twice over. It is also direct-acting, being coupled direct to the axle. The 
sizeH of the cylinders are 7 and 12 inches in diameter, and the stroke 1 1 
inches. The wheels are 2 feet in diameter, with 4 feet centres. The 
boiler is of the ordinary locomotive type ; it has a copper fire-box and 
brass tubes, and is arranged (or burning coke with the natural draught of 
the chimney. The working presaure is 150 lbs. per srpare inch. To 
avoid the appearance of steam, the exhaust steam from the low-pressure 
(^linder enters what may be called a receiver, in which it is expanded, and 
from that enters the condenser. The chief feature of the engine is the 
means for condensing the steam. It is an improved air-condenser, the 
construction being simitar to that of a saddle tank, having upright sides 
upon it, between which arc fitted a great number of small tubes. The con- 
denser in working order is kept nearly full of water; and the stfiam from 
the low pressure cylinder, after passing through the receiver, enters the 
condenser at the bottom, through cones, and the steam meeting the water is 
condensed, and, at the same time, the etfect is to cause the whole of the 
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contents of the condcDBcr to circulate through the tubes and to become 
cold by coming iu contact with the great radiating surface provided. The 
temperature of the water does not much exceed 180 degrees Fahr. in 
summer weather and 100 degrees in winter ; bat if it is kept below the 
bailing point it still performs its work. The small amount of vapoor 
which may come from the water passes into the chimney along with the 
hot air from the boiler, and is invisible. That being almost the only waste 
of water, the engine is able to run for a long period without taking iu an 
additional supply of watt-r. It is obvious that the question being merely 
one of amount of cooling surface, the area miglit be iucrcaacd so as to 
enable the engine to rnn for any specific time. The arrangement of the 
condenser has been patented by the firm. The fuel used iscoku, from 
which there is no escape of smoke, and the quantity used is only abont 4^ 
cffts. in the twelve hours. This small cousnmptiuu of fuel is no doubt 
attained by the adoption of the comi)oand system of engine combined with 
the form of the condenser, as the feed-water is supphed to the boiler hot, 
and at the trial the engine had ample steam power. The engine has 
been inspected by the Board of Trade, and to meet one of their require- 
ments is fitted nith a sjKied indicator and governor. During the trial to- 
day the engine travelled at the rate of eight miles an hour, steadily, 
Braoothly, and almost without noise, and uith no smoke or steam visible. 
It was completely under control, and was stopped with the steam-brake in 
a distance of 10 feet from a speed of sis miles aii hour. In other eiperi- 
ments the engine has taken two loailed tnvmcars up a gradient of 1 in 20 
with cose; and it is obviously capable of much more than would over be 
required of it iu the working of tramcara. The engine was under steam 
for upwards of I'uur houre to-duy without showing steum or ihe water being 
changed. There was hut one opinion amongst the visitors, namely, that 
the results were extremely satisfactory, and that the engine is well od^ted 
for the purpose for wliicb it has beeu designed. 

It occurred to several of the visitors that the same principb of the 
Compound condensing engine could be arranged for uau iu coal mines, 
where the ventilation is tolerably good. The heat from the engine would 
not atlect the teuiperature of the nir to any appreciable ext«ut, and the 
height of the engine could be made suitable fur passing along the workinga. 

Afler seeing the working of the tramway engine, the ^'isitora wer« 
shown through the works iu which are a number of locomotives of different 
kinds in ]jrogreB8, two of whieh are being built fi.r a glass manufactory on 
the Tyne. They are being built very low, with the object of enabling 
them to pan under srcbways about 7 feel in height. Tbcy ue to be 
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employed in bringing sand from the sea shore to the works, each drawing 
a train of tip wagons. T\\ej are cxtremclj compact, substantial, and 
handy engines, and well adapted for their sjxicial work. Several other 
engines are also being built for use in mm works to the order of a firm 
upon the Tees. 



Ailer returning to the Hall, the following jmiKir, "On the Extraction 
of Oil and Ammoniacal Liquors in Coking Coal in Ovens," by Mr. Henry 
AiTKEN, was read : — 



EXTBACTtON OF OIL ASD AMMOXIACAl. LIQUORS IN POKING COAL. HI 



RACTION OF OIL AND AMMONIACAL LIQUORS 
IN COKING COAL IN OVENS. 



bt henry aitken. 



I 



In a paper by the writer, which appeared in Vol. XXIV., page 97, of the 

Institute Transactione, on the working of his blnat coking oven, it was 
stated that HPveral pailfiils of tar and nmmoniacal water had in some 
CBBca been taken from a single oven, bnt that the quality of the ooke had 
always suffered ; and the first object of the present paper ia to correct thia 
statement, for not only has it been fonnd to be incorrect, bnt it may 6e 
now confidently stated that the coke made — when the tar or coal oils and 
anamoniacal water are taken off — is more dense and in larger pieces, whUe 
the yield is increaeed about 1 j per cent., and further, that eome of the dry 
non-caking Scotch coals make a fair coke in thia manner of working that 
will scarcely make coke at alt when coked even in the blast oven in the 
nsuat way. 

In order to carry on the coking in the blast oven while at the same time 
taking off the oils and ammoniacal water, three fines are made in the bottom 
of the oven, about 4 inches square (G G G), Plate V., Pigs. 1 and 2, and 
these are covered with tiles having perforations about ^ inch diameter at 
top and 1 inch diameter on the under aide. These three fines meet in one 
near the door, and into this flue the pipe (H) is inserted which is connected 
to the condensers. The condensers may be of any shape, bnt it is necessary 
that a mechanical exhauster or steam jet should be in connection with them 
in order to assist in drawing the gases from the oven. 

The oven is worked in the following manner: — The oven having been 
filled with coal is allowed to kindle; the blast is applied, and after a con- 
siderable heat has been raised (which generally takes about three hours), 
the top exit from the oven is partly closed, so as to bring a pressure of 
about 2-lOths of an inch of water on to the gases in the top portion of 
the oven. The pipe is then connected to the condensers, so as to take 
the gas off from the flues as before mentioned. The steam-jot exhauster 
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in the condenser is put into operation and brings a. partial ttxhanst on to 
the bott>:)m of the oven of a little over ^-lOths of an inch of water, and 
this state of mHtt«rB is continned until the 'iven has worked iteelf oiF. 
When the prcBsnre and exhaust are so regulated, gas rises froni the coal 
enffloient in conjanction with the injected air to carry on the process of 
coking. Fnr Iho fii-st twcutj-fonr hours the tfjnperatnre of the gaaes 
iasning frfim tlie liottom of the oven is SDO dejirces Falir. In (he next 
twelve hours the temperature ia graduaUj increased to tiOO degrees Fahr., 
and in other twelve hours to 1,000 degrees Fahr., as shown by the 
following tahle: — 
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This table, it will be ol»eiTed, also ahoK-s the varying exhaustion or 
anction at the bottom of the oren, the fffcssure of the gasea on the top 
of the coke, and the pressure of blast going int« the oven. 

Tlie time taken to work off an oven in this manner of working a 
about from 1 6 per tent, to 20 per cent, greater than when working the blart 
oven in the usual manner. 

The permanent or non-condensed gases made are allowed to issue at 
present from the end of the condenser pipe, and are there burnt for light. 
Their illuminating power is not great, but they are need for lighting up 
one of the engine honses. The intention, however, is diat these gase* 
should be forced into Uic oven again above the level of the coke, iui<l 
there used to create heat to carry on the coking. Unfortunatoly tb« 
steam jet hitherto usc'd on the condenser is not of eufBeient power to 
accomplish this, and consequently thequantiti(«of oil and the si ri'ngth of the 
ammoniacal liijnor got are much less than otherwise they would have been. 
In addition thcqimlity of the oil or tar obtained, it is considered, auffen in 
like manner, as no donbt it will be the light gaxK that rise up and siipport 
combustion, and these gases if condensed would form light oils. Tlic otcu 
ahould be provided with a projx-r exiiniistor, liav in g sufficient power to draw 
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the gases from the IxjltDin of the oven and force them into the npper portion 
of the oven after hnving been deprived of the oil and vrater through the 
pipe F. A scmbbcr Bhonld also be used, in order to secure the ammonia 
now passing off with the gaa. 

The resnlts obtained have been realised with spparatos far from per- 
fect, but, from the novelty of the manner of working, they are of some 
interest. 

The largest quantitj of oil got per ton of coal charged into the oven waa 
11 gallons, the specific gravityof the oil varying from -925 to 1-000. For 
the reason which has been stated, the gravity of these oils would be much 
decreased if a more perfect exhauster and condenser were applied, and 
the quantity would also be increased. 

The oil obtained may be described as an oil the lighter portions of 
which are well sniled for torch or lamp oil, the heavier portions, which 
Gontaiu a large percentage of creosote compounds, being suitable fur pre- 
serving wood, such as railway sleepers, etc. It contains also a small 
quantity of paraffin scale. These oils are at present being tested for the 
purpose of ascertaining to what extent in tlie manufacture of gas from 
common coal they will increase the illuminating power of the gas. When 
the oil is distilled there is only a loss of 1 per cent. 

The Qsaal qnantitj of ammoDincol liquor obtained is about dO golUina 
per ton of coal, and the specific gravity is 2 Twad. This, however, does 
not represent correctly the amount of ammonia in the liquor. One 
sample tested was taken from the working of six ovens, and the analysis 
showed that it contained 17-1 grains of ammonia jjer gallon of water, or 
equal to 9'7 lbs. of sulphate of ammonia per 100 gallons. Another 
sample has been tested and found to contain nearly twice this amount or 
fully SJ lbs. sulphate to the ton of coal coked. The quantity of ammo- 
niacal water got ]>er ton of coal charged ia in exccaa of what is in the 
coal, the excess being derived from the water put in to cool the coke 
of the previous chai^, and converted into steam as the coking proceeds. 
It is certain that the quantity of ammonia would be much increased if 
the exhaust and condensing apparatus were more complete. 

To show the difference in the quality of coke made by the blast oven, 
with and without taking off the oils and waters, samples ai'e submitted 
for inspection. There are also Bubmittcd samples of the cmde oil and 
&nm[ioniacal wat«r and samples of the semi-ref ned oil and paralin scale. 

This will probably be considered as not the least successful effort that 
has been made to utilise the oils and ^mmoniacal water in the manufacture 
of coke, while at the same time there is the largest possible yield of coke. 
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in almoBt evei^- respect aqtial to that pn.idncetl from bh ordinary beehire 
oven, the e«ke made from which, probably all are now agreed in thinking, 
is the most suitable coke for all purposes. 



Samples of the coke and the Tariotia snbetanccs mentioned in the paper 
were exhibited. 

Mr. T. Lindsay Galloway thought it would add to the value of the 
paper if the class of coal from which the coke was made was more particu- 
larly described, and if an analysis of it were given. 

The CuAittMAN thooght that it would bo a great advantage if Mr. 
Aitken could give them, when the paper was discussed, some idea of the 
commercial value of the arrangement. There had been various attempts 
made before to utiliae these for oiLi, etc., and there had been a paper on the 
subject read before the Institute. Messrs, Belt Brothers, in this district, 
had expended some £3,000 in endeavouring to carry out what Mr. Aitken 
seemed to have sncoeedcd in doing, and he thought that it remained with 
that gentleman to show that his invention had i>roved a commercial suc- 
cess. In the system experimented on by Messrs. Bell Brothers there were 
no retortfl and no artificial bhist or exhauete; the gases were simply drawn 
awAjr by the ordinary ilralU of the chimney passed throDgh a long length 
of pipes, and the ammonia and tar received into wells below, whilst the 
gascfl woi-e returned to the bottom of the oven to carry on the coking 
process. 

Mr. D. P. MoRiBOS asked what time the coke took to bum, u the 
tables did not convey any very clear imprcswon on the subject ? 

Mr. CocHRAJiE bore testimony to what had been done by the Chair- 
man, who had, afU;r his very great experience upon the suhject, come to 
the conclusion that the expense incnrre<l was not covered by the result* 
obtained, and had come b^k to the ordinary beehi\'e oven. 

Mr. CoxoK desired to know the difference of yield between Mr. Aitken's 
ovens and tliose in common use ? 

Mr. Aitken, in replying to the various questions addressed to him, 
stated that he wonld ondLsvour to give analyses of the coals used when 
the paper was discussed. Onu of the aamjilea of coke exhibited w as made 
from a coal that the vendors admitted they conld not make into ooke 
in the ordinary beehive oven. The yields of coke from the patent oven 
were given in the paper before referred to, and, as already stated, the yield 
of coke when taking off the oils waa'H per cent, greater than when the 
whole volatile matters were eonsnmed in the oven ; so that the yield of 
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coke when the gascn were liikcn off and condensed was within 2 per 
cent, of the yield that conld be got from the same coal when coked in 
a retort, hy which mode few Scotch coala give a yield of more than 
64 or 65 per cent. So far bh he knew, all the Bjstfims previoiiely 
BttempCed for collecting the ammonia nnd tar had been tried with retorte or 
ovens of that dcflcription, and the Chairman's remarks corroborated this 
view. The temperatures given in the table were taken by Siomen's 
pyrometer, at Blaenavon, where the blast ovens are at work. The total 
time the coke was in the oven was forty-eight hours when not taking off 
the volatile products; whcrciis without the hot blast they took seventy-two 
hours; but means were provided for prolonging or hastening the process as 
might be from time to time deemed expedient. As stated in the paper the 
increased time taken to coke coal, at the same time taking off and con- 
densing the volatile pniduct^, is from 15 to 20 per cent, above the time 
token with the hut bliist uveti in the ordionry manner. 

The Chaibman stated that he had much pleasure in proposing a vote 
of thanks to Mr, Aitken for his valuable paper. 

Mr. D. P. Mouidos seconded the proposition, which was unaiiimonaly 
carried. 



The following paper, " On Boiler Accidents and their Prevention," 
Part III,, by Mr. D, P. Mobibon, was read : — 
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ON BOILER ACCIDENTS AND THEIR PREVENTION. 



I 



Bt d. p. horison. 



ON THK SETTING OF BOILERS AND BOILER FLL'ES. 

Bkfore entering on tlie main features ut this, the third part of the 
Bubject, the writer pmjMJBCs to review to some extent the general con- 
clusions to be drawn tixnn tlie previous lieads touched upon. These 
were so arranged aa to bring up by successive stages the varioiiB modes 
of effecting additional security to steam users; as ivell as the rcsulta 
obtained by the different sociutiea or associations founded for the purpose 
of increasing independent and trained inspection. Inspection by official 
or (Jovemmontal means was also briefly alluded to, and in further elucida- 
tion of this theory the following appropriate extracts may be quoted : — 

ffl.J— QpiKiONa CJF Managbes of Ikdepesdent Iksubanob 

COMPASIEB. 



very lucidly gives his views on the subject :- 



Hj fnrtlicr experience of tiwpectinii uid in the investigation of eiplodonB bM 
convinced me that the «u^«Eti<jii9 mtdc to tlio Select Committee in 1S70 nrotild be 
prodnctive of great good (wliilst snoli a conrao would not inlorfern with the freedom 
desired tij engiueen and steam luersi and to whicli great value is attached in this 
countrv), i,e., compnlsor; rc^stration vt all tbe steam boilers in uno, and an annual 
return to be made stating by whom the boilers are iiisrecled. tlie owners to be respon- 

Inble for the choice nf tbe parties engaged to inspect. 
I think insurance la of great value t» steam boiler owners, aa thej are exposed to 
considerable loss and risk tbrough negligence of tbeir men, however well their boilcn 
maj be made and lltted up. 
One Association for the Prevention of Boiler Explosions itupicled oaZy, for many 
jreara, the result being;, as the; were not responsible, the work was badly done. I do nut 
think any insurance company, having a pcouniarj liability in case of explosion, has ever 
inspected so badly as this association did until they adopted tbe partial ^stem of 
Lnsuranoe which tliey denotninato "guarantee." Tli is gave them a power over boiler 
owners which they never possessed; whilst their o«-n responsibility haa induced them 
to make sacb artangementi as to secure better iuspection. 



\ND THEIR I'RKVKNTIOS. 

I* vould bo of groat vnliie atatintioally. but, if the sjatcm of ic 

![« adopted, of conroe tbc nunibL'ra cinild In abtaijied with further 

If each eiplMiuii, vhethcT futiil or nut, n re reported upon in a, limptc manner, it 
would bo ailvBiiliigHiuii i but there i« n danger of '* red tnpc " Creeping in, and leading 
to tlie itiquirj bciiig nndulj' elaborate uid opennive. If aueh a cuurao were adopted 
all »te*,\a aaeni would have to be laid niider a penalty ahonld thcf fail to report an 
eiplonuii ; otherwiec tho«e alone which were under respooublo iuipeotora, wonld be 
lilulj to ooiDO to light unleu wmo one was killed. 

Steam boiler ownen should certait^l; be held under greater mponiibilitf than at 
present. The great ignorance and rcokleuncgt evinced in manj eases is proof of tlw 
importance of alteraticm of the prciwiit law> relating to llie emplojinent of (tMin. 

We tliid the grontoBt diScultj' is the spatlif or ignorance respecting inspoctiun aud 
what u nceeisar}' or utiifactorf . Even w-ea)led flist -class builennakcrskndengiDeen 
will sot up boilers, or permit them to be set up. with eiceifivcl; broad watings, ioac- 
ceuiUe flue*, or other hindmneea to luspectioii, wblch really lead U> a wa«te of fnel 
iustead of ecunomj. 

We are often prett; roundly Abused because our iuipcclen complain of tho deRcient 
or fauKj preparation, mud, dirt, and icate being depoiiled on the [ilates or in the 
external fines; but should iiispeclors under such circnm stances ovcrlivk a defect, there 
is aj much outcry as if cverjtiiiiig bad been biid open u clearly ai possible to him. 

1 think any regulntioiia that arc niado should provide for the btnlcrs being M 
arranged that aatis&ctorj iniqiection can be made, otherwise mauy exploaions would 
still occur through the inaccessibility of sonie parts of the boilers. 

No. 2 eiprcsses himaelf to this effect: — 

That tlie leas Oorominent has to do with matters of this kind the better. 

No, S oajs: — 

I don't see bow any harm conid possihlj' bo done by liat ing a cenaua taken of all 
tho bmlers in the kingduiu, It would lie nscful to show the percentage of etplnsioM 
which eaanot otherwise be ascertained accurately, and might help to decide whether or 
not the Ll^ilatare ought to ititetfere. 

A record of every explosion, whether fatal or otherwise, would also be uaefid to 
those who take an interest in the iabject, bnt these 1 believe form a very small number. 
When a boiler oiplusion occurs there is grest eicilement auimigst those in the imme- 
diate neighbourhood, but it soon robsides, and the al&ur is forgotten, or at Itmst Uttb 
tbongbt of. 

As to the third qa«atl«ti I think tfakt some companies " take too mnch risk bj 
the desire of profit," for in several instances 1 have known bcJleTs insured bj otlter 
coTJipauin which I had refused on account of their being in my opinion iinHl fur the 
prvssnre required. Itnt the same objection may bo made to inspect iou without Insnnuieti 
while it may be said In hvour of insurance tliat Ihs pecuniary liability involrc* rsspnn* 
sibility which will insure more efficient inspectian. 

I am no advocate for Government inspection, hat still hoht the same opinion as 1 
gavt before the Select Committee, that a umilar investigation •lionld lie made in ngard 
lo ttvtj boiler uidoeion as in rMlwa; accidents, by a competent OoreninMnt uffiew. 
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wbo nhonld call whatever witn<>Mpa ha miglit think proper; niid in cuea af culpable 
w^igencG, athcT on the part of the owner of the boilar or uf the attendant, a 
proicontionntidpnmAment should follow. Afcweiamplesof punislinient would prove 
tlie most effectual means of preventing ci[il<Miou by inducing the owncn to hare the 
btnlen periodicall; inspected. 

No, i gives as his opinion : — 

Wliat we recommend in the way of Ooremmeiit action in regard ta the prevcntioa 
of boiler cxplosioriB is, thnt, in the Gnt place, it should be unacted that every boiler shall 
be periodically inspected. Tliiit inspection, however, should not be undertaken by th« 
Ooveniment but abonld be entrusted tA voluntary associatinni of steam users, such 
associations being authorized and registered by the Government. 

We think it desirable to ensure the effieieuuy of the inspectors that the commeniiBl 
element sboald be eliiuinated, so that the inspection should bo nndertAken in thB 
interest of the public safety and not for pecnntory gain. Commereia] rivalry and 
sound iuspcction scarcely harmonic. 

We also urge that a searching investigation (by a competent and independent court 
of enquiry) should be mode in the case of every explosion, whether fatal or not, so that if 
the inspectors were in the wrong the blame might be thrown on them. This would 
tend to purify the inspections. 

Noa, 5 and C suggest increased facilities for insnrance and inspection 
companies, and greater puwers granted to their inspectors, both in reports 
and in evidence before juries. 

No, 7 curiously veers round from liis past published optniouB and 
reports, and now urges : — 

Every boiler should be examined internally and in the Hues once every year, and it 
is vei7 generally supposed that insoiance companies will inspect boilers insared with 
them, in their own interest. But this idea is fallacious. A joint-stock company is 
formed for the purpose of profit and nut for philanthropy, and it actually costs more to 
make competent inspections tliau it does to let boilers burst and pay eompensalinn. A 
short calculation will make this clear. In the first place it is necessary to got at the 
tiik of explosion, and to do this we must see what is the number of boilers in the United 
Kingdom, and how nmny of the^e burst every year. It was stated before the Parlia- 
mentary Coininittee which sat in the year 1869-70 to iuvestigatc the causes of steam- 
^^ boiler explosions that there were about tOO/XK> biiilerd in the United Kingdom, and this 

^^L estimate was generally accepted, though some thought it too low, while our records 
^^H (how that fifty explosions occur year by year. Dividing the number of boilers 
^^H therefore by the number of eiplosions, we find that one boiler in 3,000 bursts every 
^^M year, or that tlie risk of explosion is one for every 2,000 boilers. If, therefore, an 
^^^1 insnrance ooinpaiiy insure a boiler for £100, as iu the case of the one at Halifax, their 
^^B risk will be one Iwa-thousandth part of tliat £100, which amoantsciactly to one shilling; 
^^H so that the net risk is only one shilling per cent. Now, to make " thorough" examina- 
^^H t^onaof boilers to prevent explosions is very expensive. Tlie insjiector has frequently 
^^U to be sent many miles from the head office, thus incurring the expenditure of time as 
^^B well as of money iu travelling. On making his inspection he has to get inside tlie boiler 

^H and also to i«gd through the flues, examining the boiler in all its parts as Well us th« 
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flttingra. Further, ho hu to gnngo thothiekne«af thi? ptate*, ucprt^n wlukt mlteiatioiu 
or repsira lisvo been effected aince tbo Uit visit, niid if the boilor )iu btvn but JDit 
enrolled he his to take (ull pBrtienlara of its cniutmction and accurate dimenaioni. On 
returning to head-<|iutrt«ra he has to make a campleU sketch, friving the thickncniea of 
the platea, etc., while he hai aim to drair up a report on the eoudition of the bmler, 
f^Uifnlly pointing oat aU ita defects. When tliia i> done the wbule Uaa to be checked 
and con^dered by the chief engineer or hii assistant*, and the owner cnmmnnicated with 
thereon; this comraniiicatiiin giving full information of the precise condition of the 
boiler, and makin); auch rcconimcndatians aa may I>e fonnd neeeuarj. At onr office 
are ftleil carefully prepared draivinics of all the boilers enrolled. These arc at all time* 
open to the inipectinn of the member*, who freqncntly avail themwlvea of tliii oppor- 
tunity when contemplating alteration to their boiler plant. It will be leen at once that 
Btieh a work must be eipcnsive. Including the inipeetor's time and travelling expenies, 
u well as a fiur char^ for the sorvice* rendered by the chief engineer and his staff 
ill th? offlce, it is calcnlated that every " thorongh" Biamination costs on an average not 
less than 20b. This is simply for the annual " thoroogh" ei ami nation, and doe* not 
include the oiponao of the citernal eiaminationi wlijch it is necessary nhould be made 
when the boilera are at work, two or three timeit a year. Thus tlie cost of inanmacr U 
only Is., while the cost of an annual " thorough" eiamination is ISOs. It is nol neoca- 
sary for thla argnment that these figures shouhl be absololely correct. If tlic number ot 
boiion in the country be grraiteT than 100X100, the risk of insnnuieo will be less, whihs 
the cost of the annual "tliorough" examination might be estimated by aoine as mora 
than 20b., and by othen aa less. It may, however, be token as a brood principle that tbo 
cost of inspection very mach eieeeds the coat of iniurance. 

(b.) — Thb Evidence bepohe the Couiussion. 
ThU U too volnmiDOOB to be qnoted in exUnso in the limits of a paper 
BiK'b as thi§, but the main tendency is to prove that in^ctiou is urgent 
and necCHsarj, that it should be accomplished by private cntorpriae 
(either by mutual or independent societiea), and that Government inter- 
ference, except for inveatigaticm or regiatratiou, is to be deprecated. 

The writer himself is of opinion (and this opinion is ehiLfed by 
competent authorities) that Oovcrnment BupervisioD of boilers vould be 
useful, and ought to be impfrative, but only in the following points : — 
1, — An exact register should be kept of every steam boiler or vessel in 
which any pressure above that of the atmosphere is engendered ; 
such register to be kept by any tompctent body of men, such 
as assistant-OTerscerB, nuisance inspectors, relieving officers, or 
other officials whose duties bring them in daily contact witli 
vrorks, factories, or places where steam is employed. This list 
to be funiisbecl by each parish or township to the Board ui 
Trade. 
2. — The register to Include dimensions, stinpi-, uses and pn'ssiirc of 
tuoli boiler, with nofflc aud addrvEs uf proprietor. 
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8. — Tliat suih register shi*uld be supplemented bj particiilars to bo 
famished bj the inspection comimnies in cases where boilers 
are under their charge. 

i. — That in tlic event of any boiler explosion or accident, notice should 
be gii'en by the proprietor to the Board of Trade, through the 
parties named in clause 1 ; and that in case of any inquest being 
held, I'nll particulars of sucli inquest should be sent to the Board 
of Trade. 

The mode in which such register should be kept, and the number of 
times in which tlie figures should be revisetl, will naturally be matters for 
consideration, and a very important and proper topic for discuBsion by 
the members of this Institute, who have under their care such a large 
proportion of the steam generatoi-s in use in this country. 

It may, therefore, be coucluded that the following are the heads to 
which the attentiun of the members of the Institute should, so far as the 
preceding portion of the subject has gone, be mainly directed : — 

1. — How may boilers be efficiently inspected ? 

2. — Does independent inspection offer additional security ? 

S. — Is Government control of inspection necessary ? 

4. — Is registration by authority advantageous ? 

These questions may be left in the hands of those competent to judge ; 
and the writer trusts that in discussion, as well aa in further contributions 
to the Transactions, the subject so imperfectly broached may be extended 
and rendered still more interesting. 

The finding of a jury in a recent cose will show how public opinion is 
now verging towards the writer's conclusions : — 

That the jar; are at opiniDQ that some efBi'.icnt action should be taken by tht 
Oavcruinont to compel the rarious insurance companieB who undertake the menranc* 
of a[«Bm boilfrt, to insist upon a periodical and thorough inspection of all boilen and 
their fittings under their euro. That in all casoi each boiler should have a, leparata 
■nd independent steam gauge and water Range. 

The writer now wishes to pay a well-deserved tribute to those who 
have so ably and kindly assisted him in the first parts of his subject; and, 
amongst others, to Mr. E. B. Marten for his most valuable tables and 
statistics, and to Mr. C. Z. Bunning for bis translations of the reports of 
the German Sacieties. Mr. Marten has further assisted greatly in the 
sncceeding topic of boiler-setting by his notes aud models, the result of 
many years assiduous observation j and Mr. James Young, of Lord 
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Durbam'a collieries, Meesrs. D. Adamson and Co., McEsre. Uiinkslcy, 
Wild, and Co., and other well-known engineers, have also added their 
Dsefiil eiperienc*. 

BOILER SEATS AND FLUES. 

In the proBcnt paper the rclatira fnnetionB of the fire grat« as the true 
generator, and the boiler as the converter of heat into ateam, may be 
oonsidered. 

In a paper read bj Mr. Head, and reprinted by the Midland Steam 
Boiler Inspection and Assurann: Company in ISGO, it is stated that one 
cubic foot of water can be made to give in an hour 2, 2^, or 3 to 4 indi- 
cated horse power, according to the engine used, but with the iiseful effect 
of the st^am the present paper has nothing to do; the possible result of 
htiming 1 lb. of coal may, howeTcr, be taken as 1 6'29 lbs. of water evapor- 
ated, but in practice it is only 7'7 lbs. 
Mr. Head saya — 

10 per cent, drops through tho bnra. 

16 per cent, tbrungh the nitrugiins unponsamod. 

10 per cent, wsnt of lufficUut lieating aiirface. 

18 per oeat. eMaping ga« niid nuliuion sud blow] nguff la jet era aealc. 



63 per cent, wuted. 
47 per cent, used in il 



n for thr engine. 



The remedies he su^ests arc: — " No stoking but mechanical firingt 
regeneration, or returning as much heat as possible in the air and water 
supplied to the boiler; more heating surface, as attempted in the Galluwaj 
and Field boilcre; and clothing (or covering) and small water spaces." 

The present paper is simply intended lo treat of the settings most likely 
to lead to good results. 

The theoretically best fire grate would be one where oombnstion wu 
complete, no waste heat escaping to the chimney, and no radiation poesible. 

If complete combustion were the only object, this could be nearly accom- 
plished by very brisk combustion within a comparatively small chamber, 
where an intense heat would be so concentrated as to have little area for 
radiation, and would be somewhat like the electric light which occupieeao 
■mall a space as to radiate very little. 

For steam generation, however, there are other essentials which at once 
make the near approach to the theoretical duty impossible. The heat must 
not be so gn.'at or concentrated as lo permanently injure the boilersj it 
must always be Huffidently in oxoen of what is taken up by the boiler, ■■ 
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it muBt force ita way throngli the plates, which proccBS takes time and 
energy, and a large area, therefore there is much chance of radiation; and 
farther, the gases must leave the boiler at a higher temperatiuiJ than the 
last part in contact, or they rob the boiler of heat; and lastly, they muflt 
have heat enough in them to create the proper draught in the chinmey. 

The beet theoretical boiler should be a long pipe of the tbinnest poBsible 
material placed in a long fine with the &re at one end and the chimney at 
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the other. The fire ia the hottest part and in contact with the hottest 
water, where it is just about to pass into steam, then fiame advances 
along the flae and leaves when it has given np all its heat except jnst 
enough to cause a draught in the chimney, where it meets the watw 
coming in at a low temperature and imparts heat to the last moment. 

The feed water thus enters at the coolest part, and gradually advances 
to the hottest, and meets with increasing heat, without returning to a cooler 
part to give np ita heat again, as is too often the case when types of boilers 
are naed in which so-called " proper circulation" has been provided for, in 
lien of the steady advance of the feed from the cool to the warmer portion 
of the boiler. There are endless objections to this simple example as a 

1 practical boiler, but it shows clearly the priuciplcs involved, and it will be 
noted afterwards tJiat the most successful boilers have been those where 
these principles have been most regarded. To more readily understand 
the bearing of this example or typical fire grate and boiler it may be well 
to glance at the moat common forms of boilers and modes of setting and 
CDmpu% them with it. 
In the oldest forma of boilers, such as ihe spherical, balloon, wagon, 
haystack, ete., shown in Figs, 1 and i, Plate VI., the steam was only needed 
as a condensing medium, and a very slow, dead fire was enough to maintain 
the required temperature. Even here great efforts were made to lengthen 
the travel of the gaaes by internal fines. 
When higher pressure was needed than the balloon and other weak- 
shaped boilers would bear, the plain cylinder type, as sboivn in Fig. 2, 
Plate VIL, came into usei this more nearly resembles the theoretic example. 
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but has the disadvantage of b<iiiig made of vcr; thick mtitcrial neoeffBTj 
to resist the straiti of preasiire in bo large a vessel ; also there is a. Urge 
mass of wat«r whieh circu)at«H from end to end, the whole of wliich haa 
to bo raieud to evajKiratlng point before much steam is given otf {as iu the 
ciimmon sauce-pan), and thus one of the essentials is disregarded. 

The extreme difference in the dimenaiutiB of some of these plain cylinder 
boilers is well contrasted in Figs. I and 2, Plate VII., where the shortest 
and longest met with in ordinary practice arc shown to the same scale. 

The French or elephant boiler, was an attempt to decrease the quantity 
of water by the nee of a series of tubes, or smaller cylinders. 

Some of the most recent combinations, like the steel boiler. Fig. 7, 
Plate VI II., are efforts iu the same direction, but in this arrangement the 
progressive advance of the feed is disregarded, while the Nedderbrun boiler, 
is a nearly complete realization of the principles of the typical example, 
for the fire and flame advance in one direction, and the feed water meets 
them in the opposite direction, and as might be expected the result is 
great economy of fuel and repair. 

The Cornish and Lancashire boilers. Figs. 1 and 2, Plate IX., although 
descr>'cdly popular for their convenience and eiSciency, lamentably fail in 
the particular of allowing the gases to escape when only a small part of 
their useful cflect is secured, liecausc the cireulation renders it needful to have 
the whole contents at a high tempicratiire before there is much evaporation. 
This defect has been corrected by the use of small combinations of pipes 
iu the flues called "economiacra," to bring back part of the escaping beat, 
and the combined result is more satisfaetory. 

The true principle of circulation was first n'>ted in such marine boilers. 
Figs. 3 and 4, Plate IX., where the spaces between the tubes were so 
amali that the hot water could not retnm, and where the feed made the 
steady advance held essential in the typical example. 

It was further discovered that the real work of the Cornish and Lan- 
cashire boiler was done by the upper part of the internal flues, and that 
the cool feed remained at tbe bottom nntil forced to the top by the entrance 
of more feed, and that therefore the flues did little good on the outside. 
Thus these boilers were found in practice to more nearly approach the 
tjrpical conditions than their advocates were aware of, and henoe the very 
high duty of some of the earlier examples of Cornish boilers. 

When the heat is obt^ned from puddling or other furnaces a special 
complication is introdu(.«d, as in tbe sumpks shown in Flutes X. and XL, 
but the same general rolefl should be observed. 
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The gjeat advantage of small tubes in allowing of small water apacea 
and thin material has led to very many aamples of boilers, such aa the 
Haneock's, the Howard, Figs. 5 and B, Plate VIII.; the Root, Fig. 8, 
Plate VIII. ; the Belleville ; and the success of these has been various, 
owing to difficulties of circulation or advance of feed. In the Bc-oson 
boiler an attempt was made to improve the feed advance and the circula- 
tion by the introduction of a so-called " heart" or pump. All these forms 
suffer from deposit, and that is the reason wby Mr. Perkins introduced bis 
boiler (Figs. 1, 2, 3, and 4, Plate VIII.), combined with the engioe described 
at the last meeting, where the same water ia used over and over again. 

Such boilers as the Crane Boiler are for convenienc-e rather than 
economy; and the Locomotive has to be made to anit its work without 
reference to the ordinary principles of stationary boilers. 

If economy oi fuel were the only object sought, the setting of boilers 
should be contrived to bring tlie spaces of the flues to just the sufficient 
area for the draught, so that the reflected heat of the brickwork may aid 
the general result; and where this has been done, and sufficient boiler 
and grate room has been provided, the economical result has been very 
satisfactory. The Comiah boilers thus set in Coniwall so entirely used 
the heat, from the perfect and slow combustion of the fuel, that the slacks 
ahowed Tew marka of Bmoke upon them, although whitewashed to the top. 
Carefully set and worked slowly, as intended when designed, the plain 
cylinder does good duty, almost rivalling the Cornish boiler; but in prac- 
tice it is forced to do more in a given time than it can do economically, 
and the general waste prevails, its duty being only half that of the Cornish. 

There are other economies to consider besides the mere saving of coal, 
as it is possible to attain that and have a ruinous expenditure in other 
■ways. 

Where coal is very plentiful and small, or of poor quality, it may be 
far more economical to save outlay and put up plain cylinder boilers with 
plain fiaah fines, but where coal is dear, as in Cornwall, the more eipensive 
Cornish boilers are really the cheapest. 

As the need of inspection is now generally recognised, it is found true 
eo onomy so to construct the flues as to make them easy to traverse with 
the points of contact with the brickwork so made as to see each seam of 
the boiler without disturbing it {see Plate XII.) The Pigs. 41 to 60 m 
"Records," pages 82 to 84, hai'e several sketches of the difficulties of 
inspection, and sketches are attached showing others. 

The general result of the usual setting of boilers in conmion use may 
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thuB be compared, the average practical duty being stated in lbs. of w 
evaporated per lb. of coal: — 

EirrniHtviTii. In Atiiuok PiiAmra. 

EXTKRHALCT FlHED BoiLIIU-- "*,v<^ J*"?"*! '■'Ti'",'?'*? 

per lb or IJokL mi III. al CotL 

Balloon or Wa^piti ... 6 bi » ... 6 to 6 

ilaiti cjUndHca), BritUli tube, cM. ... 8 to 11 ... 4 to 5 
TnbnUrboilcn,siicbuthoH<>wan],Ro»t, 

AUen, Phlegur, Lowe.and BUncbsra... 8 to 10 ... G to 6 

iMTBHiriLLY PlOBU BOILKBB— 

CortiUh or LaticMhire 9 to 10 ... S to 6 

W"ith eoonomUeri I 10 to Hi ... 8 to 

LnenmciHve .,, , 9 to 10 .. 8 lo 9 

Marine 10 to Ui ... TtolO 

MoltitnbuUT and inrUblc 7 to S ... 6 to 6 

In reforence to the seating (or sotting) of boilers one of our most im- 
pwtant and experienced colliery engineers thus espresacs himself: — 
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It ia •catmI; ncccasarj to romarb that for man; jcara ]ia>t tlioj (the Lancaabiro or 
Combh tj|Ku) have betin, aiij arc still, great (avoaritc* in the roannfartnring diitrict* 
in the South and Midland CoanUei, and when clBcieiitly inapectad and looked after 
and propcrlj «eBl«d, give very good rBsulta. The tandenej iB,|howe«r, to have them 
made longer than necesmrj, raor« opeciolly where a higlilj bitniuinuna coal i* luad. 
30 to 35 feet long bj 7 feet dtainetcT beinfc dimcnaiona very eommohty tiacd; and ft 
boiler of thia aUc, after being at work for a few montbi, will, apon intpcctinn, be found 
in moat cbmi stronglj- coated in the acating flues with aoit, more cspeciallj taw»id* tit* 
elit end of the tluea; andthia, I believe, ii eanacd in s great mewnre b; the eioewira 
diatanee which the heated gaaea bare to travel before their eiit to the chlmnej, ihowing 
rerj cinrlj that the tcmperatnre at theae poinia, nlthongh conaidenblc, wai too h>w 
to aapport combnation, and that little good wa« obtwned from thia part of the boiler. 
Following op tbia idea the writer tiaa for many jeara [Mat adopted a atajtdaid length 
of SO to 24 feet for aingle or double tube bwlen, and haa found them equal to the 
longer bailer in efflcieuc; ; tboB enabling the purchaser to have three boilera for Uttls 
more than the price of two of the longer type. 

In letting boilon too much eare cannot bo eicrciacd aa to the form and pontion or 
direelion of the fluei ; and where the boiler ia of moderate length it ia found tdvaa- 
tageona to have the flnea returned undomeath the boiler In the front end, and back ow 
along the aide* U> the chimnej. Should the boiler be of conaideraUe length, howevw, 
thia plan ia not io much to be commended, owing to the diatreaa cauaed by alvhing to 
the bmler. In thia caw the Sue* ought to return along tbe aides fint and aftarwarda 
along the bottom to the chimney ; and alao mean* adopted for aappnrting or carry- 
ing the boiler. Ai an inatanc«, roan; people still follow the ini»dicious jnartioe al 
building boiler* in with a large maa* of briekworki and Uin* invite external eorronon to 
• aerioua eiteul, beoauo it (the brickwork) baa the cSecl of knrpiug any water that in«j 
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find its wnv to tlip biiiler in coiituct with tlie plates, »tnl alio pnvciitii the delrction of 
uiy waato that may be guing un; and wliere this state ot things is allowed Ui ranUnne, 
K mpid oxidation is certain to take pUoc which ends iu the destruction of the builer in 
many caws before the owner is awaro of Cho fact. (Sco Piga. S and 4, PUtc XII.) 

The worst casus of this kind are where internally flrcd boilers are |>lac«l upon verf 
broad tide walls, or in some coaea a brood middle wall ig used of abont 18 Iiiehcs in 
thickness, and in snch cases it is impossible for an; inspector to tell by ordiimry onami- 
nation in goiti^ along the Hues the cotidition of the plalcs resting on the brickwork. It 
frequently happens that to all ap[)ea™ncc tlie plat<>« ore in good order nntil tlie brick- 
work is removed, when they are often found considerably decayed and nearly oaten 
through. Tlic proper reinrdj for this is to keep the side walls as narrow as possible, 
consistent with Che stability of the boiler, thu tutui breadth being fruin 3 to 4 inches, 
but not more, with a loose brick at each ring seam, to facilitate eianiinatiim. 

In all cases where the Hues arc damp it is advisable to break tbe contact between 
the boiler and the brickwork by the use of caat-imn ptalos, which uiay be made very 
narrow, and carried the whole length of the boiler. Tlie arrangement of the brickwork 
at the front end of internally fired boilers is also a frequent source of trouble by being 
built up too wide and encircling the sludge pipe; and should there beany leakage here, 
a thing which is often found, the brickwork absorbs and holds the moisture, causing a 
rapid corroiiou to set in to the ultimate destruction of pipe and boiler bottom in a very 
short space of liino. 

Cooling ashes, or permitting them to lie in contact with the plates in front of tbe 
boiler, is another aonrcc of frequent and considerable damage. This practice ongbt 
never to be allowed, hut all refuse from ashpit, eta., should be removed as quickly as 
pouihte Dot of the w&y. 

Thb Pum CrutTDBH Boiler. 



o the Cornish or Lancashire boiler ai 
mplicity, less first 



The plain cylinder boiler, although inferior 
a steam generator, has much to recommend it 

cost. Olid economy in repairs, to say nothing of greater freedom from i 
Moderate lengths, say not eiceeding 30 feet, ought to be obuerved to prevent distress 
from arching, which in any cisc takes place to a greater or less degree, according to 
oircnmslaiiccs i and it has come nuder tbe writer's notice repeatedly tliat bailers of 
great length have been rent asunder on the nnderside from this cause atone. The old 
method of setting these boilers with wheel flues has fallen iuto disuse, the flash flue 
bring generally adopted with various modiflcatinng — snch, tor instance, as thron-ing 
cast iron girders transversely over the biiiler to receive the snapension bolts for carrying 
the boiler, the add bolts being attached to the boiler by a strong T bar or a couple of 
angle irons riveted on, three girders, having three bolts each, being generally used, and 
in tome cases volute springs have been applied under the nuts of tbe sospension bolta 
to equalize the weight. Either of the above methods of carrj'iiig a boiler have an 
advantage over tbe old-fashioned knee or saddle, inasmuch as they enable tbe weight to 
be distributed over the various [mints of Bnsjmndon after the boiler lias got to work, 
and this is a matter of great im])ortance for relieving the strain ujmn the middle, caused 
by the ends coming np under the expansion of the bottom plates. In numerous cases, 
too, tbe brickwork is closed in at or below the centre of tbe boiler, nith a vicwnndonbt 
to prevent tbe possitrility of the beat or flame reaching the plates above tbe water level; 
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tliia proMntiiin lia* hem ]irnTc<l by long («]«rir.'iipi' lij In,' -[iiito nniiowssivry. Biiil i« k 
groat hindraneo to Che guucntiou of iMam, by exposing inch & largo area of ptata 
to the atninspliere fur rsdiatinn nf boat, iD>t«ad of lisving it uldetl to the Sot tor 
generating «toain. two fire bridge* being caaiDioiil; used— one immediatel; bobind th« 
fire, tho other at tbo teruiinaticiii of the oyliiidrical part of tho boiler at the chimnej 
end — BQch bridge* being invariably about 12 ini^litni or more from tho boiler bottom, 
and the inlenening dintanee between them from S to 4 feet down bclnw tlie top of the 
bridgoi. and conaequeully offering a large area of cseape for the heat without coming 
into contact in any way with (lie plates. Thew and other timllar mi«takot have eon- 
trihated in no imall dL>gree to place the biiler in an nnfovonrablo |io«tion in tba 
opinion of tlio steam uaer a* being a* extravagant in fnel. It ba* been foand in 
praotioe, however, that when tlii* boiler a fniperly Katfll and attcndi'd to, it ii eapabla 
of giving rer; utisfictory reiiUta, and reicent improvement* have gone far to render 
it only alightly inferior to tbe mnro eiponHivo kind*; and in many inilanoea where 
Young'* fnniaec and arrangement of bridges and llnea have been idnpled, a net laving 
of SO to 40 per cent, in tnel, and SO per cent, in Ubimr hai been cITectrd. The prineif al 
foaturcsinthi) arrangement are (KcVigt.l and2, Plate XIII. ) — lB(>tliegTeatl)'iucraawd 
area of heating mrfiice wliich is nbtuned by tlie peculiar arrangement of this Hne, which 
enable* tlic briekwork tt radiate or thniw back the liuat apou tbe ptatei. wbicb caiue* 
tbe boiler to act witb inercaied cfflcienoy ; Snd. tlio inorcawd nnmber and puution of 
tbe bridget. By thii mean* tlie brge area of opening over tbe Src bridge is reduced to 
the least possible limit, and io with all the other bridges, the consequence being tliat a 
large volume of heat ii prevented from pauing away to tho chimnej without doing 
any neeful work j became, however large the opening OFor the bridges may bo, it i> 
clear tliat the upper surface only of the beat and volume will be in coutact witli tho 
bmler ; so that any excess of opening over and above that which is just neccsBirj for 
ensuring a good dranght is a direct sonrco of waste and eitravaganec in fuel. In 
onnjanction with this arrangement it has been fonnd by experience that little more 
than one-half tbe oiual grate area is neeoBsary in most cases for obtaining tbe same 
amount of work from a boiler, hence tbe laige saving iu both fuel and labour. 

The inothnd of tiring or sen-ing these f uniBc« with fuel is considered to hart 
decided advantages over the ninol doors, a couple of teeie hole* bring nied instaad, 
rimilar to tlie puddling or forge fnrunco. iMilT coal being extensively nsed, it is piled 
np in front to allow tbo vulatile ingrcdienli to be distilled, and get partly cuked hetora 
being pnalied forward iutii tlie tire, which to some eiteut prevent* smoke and alto tha 
duff from bring carrii-d over the bridge into llie fiae. And lost, though by no meaM 
l(«st. the did air it prorented from rushing in upon the heated Jilate*. thn* caudng 
these tniublesumu lap-edgv fractures so frequently met with and *o much dreaded by 
those in charge of boiler*. 



Iq concliidiDg this third part of the 8tilijtt.-t, the winter feels the great 
diJGcaltj which attends the tusk he hns undcrtukpn. The niasa of msf 
t«ria)Bso willingly nod gt-nerouBljpIui-cd at hiBdinpoeal haa rcitdercd it far 
from easy to make a judicious Ecli^ciion of fiicW, figures, or tlicoriea, and 
he craves the indulgence of his nadi'iv fur niuny iiiii>erfeotiims and 
umiMioiu. Iu tbe fourth and oonolitdiug part it ia intended to deal briefly 
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with boDera per ee, aad also to abstract the scope of the papei'; on the 
entirety of which the writer truste to evoke a discussion which will, far more 
thfin his own feeble elforto, eventnallj lead to inoresecd safety without 
disregarding the kindred necessity — econotny. 



I 



Mr. BuNNiNO said, that any machinery which utilized 47 per cent, of 
heat units of the coal mnet have been very perfect and far in ejicess of 
what had uBuslty been considered possible. Mr. Emerson Bainbridge, in 
a paper read before the British Association in ShcfBcld, iiad shown that a 
very mnch lower pei-centage than this was considered a very excellent result. 

Mr, D. P. MoaisoN said, that the 47 per cent, was the amount of 
usefuleffectof the coal which might be av.iilablf for tbccngiQe. Probably 
the total amount utilized altogether by the engine and boiler together did 
not amount to 15 per cent. 

Mr. W. CocHEANE was surprieed at the amall result of 5 lbs. of water 
per 1 lb. of coal obtained from Koot's boiler; he had obtained as much 
aa 1 lbs. ; the class of ooal naed in the experiments would of course affect 
the result. 

Mr, S. B. CoxON asked if much difference had been observed between 
the reeulte obtnined from Irest screened and email coal ? 

Mr. D. P. MoRisoN rephed that there was no doubt best screened coal 
gave better results than small coal, but that nuta had been found to be 
better than cither. He noticed that in one experiment with a Root's 
boQer 7"3 lbs. of water to 1 lb. of coal had been obtained with screened 
South Durham coal. The rcBultB of the experiments given in his paper 
most be understood to be a rough average. 

Mr, S. B, CoxoN asked Mr. Morison if in testing boilers he preferred 
doing 80 with the manhole door off, allowing the steam to escape at the 
pressure of the atmosphere, or whether he thought it better to do so under 
pressure, and if the latter, whether the result might not be very much 
interfered with from the primings which would probably take place? 

Mr. MoRifiOS replied that he personally would prefer testing the boilers 
under the pressure they were constructed to carry in their every day work. 

Mr. T. W. BoNNiNG stated that the Government experiments were 
always made at the pressure of the atmosphere, and the records always 
modified to one uniform temperature of feed of 100 degrees Fahr., notwith- 
standing the actual temperature of the feed-wat«r used. Theoretically, 
also, it made no difference under what pressure these experiments were 
made, as for the purposes of esamination amongst themseh'es they could be 
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always lU'idified to any given standard reqnired. Practically, however, 
there wae less danger of the reBulta being vitiated by priming when they 
were made simply under atmoai)heric prossnre. 

Mr. J. A. Q. Ross said, that from hia experience it was usual to make 
the experiments under pressnre, and thought that the results would be more 
satisfactory as being obtained in the normal state of the boiler when at 
work, and these results he oonsidered would differ very considerably from 
those attained simply under atraispheric pressure as the temperature of 
the water itself would b; very miieli greater, as also would be the loss of 
heat by radiation. 

The Chaibman said, that there were well-known formulee for reducing 
experiments taken from any temperature of feed under anypreasuie to one 
given standard. 

Mr. MoBisoN said, that he was 80177 ^ ^^^^^ ^™ ^- Running, who 
had had a very great experience in testing coals; but he quite agreed 
with Mr. Rosa in considering that it was preferable to test the perform- 
ance of boilers while under their working pressure. 

Mr. CooKK then proposed a vote of thanks to Mr. Morison for his 
valuable paper. 

Mr. CocHRAXE seconded the motion, which was unanimonalj earned, 
adding that the collection of such a mass of useful information must have 
given }^fr. Sforison a large amount of trouble, and that the Institute was 
much indebted to him for the valuable addition he hod made to their 
Transactions. 

The meeting then separated. 
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PROCEEDINGS. 



GKNBRAL MEETINO, SATURDAY, FEBRUARY 7th, 1880, IN THE WOOD 
MEMORIAL HALL, NEWCABTLE-UPON-TYNK. 



0. C. GREENWELL, Esq., i 



The Secretary read the minutes of the last General Meeting and 
th« minutcB of the Council meetings. 

The following gentlenaen were elected : — 

OBSrKABT MsltBBBB — 

Mr. Edwabu Uawlbb Paiou, Oorerumctit luspcctor oi Mines, Naimima, 

Briliih ColumbiA. 
Mr. WiiiWAM FnaPKRiC BcTLiB, Civil Engineer, 6, Queen Anne's Osle. 

Westminster, 3.W. 
Mr. William Aoerotd, Jck., Morle; Hun Cullieriea, Horlef, near Le«di. 



Studbbt — 
Ur. B. Ckcil Piaxe, Hur 



u Cu11ier>' Offices, Soutb Shields. 



The following wna nominated for election at the next meeting :- 
Stddbht — 
Mr. Chaelkb Jaue^ Muuton, Jeamond Villus, Newcaatle-oii-Tyue. 



The President remarked, that the minutes of the ConncU meeting 
held that day, read by the Secretary, stated that the President had brought 
forward the subject of the appointment of a mining lecturer to the Insti- 
tute. He had brought forward the question in oousequence of a letter 
which he had received from the North Staffordshire Institute of Mining 
and Mechanical Engineers, which stated that it had long been the object 
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of those interosteJ in that Institute to extend its nseMneBs by promoting 
the more general study of tliose sciences pertaining to mining and 
engineering; and with this view they had arranged for claaaes which 
they believed would be of great service to the members. The subjects 
would be practical chemistry, geology, and mining engineering. The 
practical mining classes would include the study of gases and other 
chemical phenomena found in mines, and also analyses of the different 
minerals connected with mining which are of such importance in tlie pre- 
sent scientific state of the ii'on and steel industries. It appeared to him 
that there are two cIosseB of persons connected, or about to bo connected, 
with collieries; for one, the young, all the scientific instruction neces- 
sary is already pruvided in the classes now so well conducted in the 
college and schools of this neighbourhood ; bat as to the other, namely, 
those persona actually and practically employed in the work of collieriea — 
he meant overmen and others who had not either the means or the time 
to avail themselves of the privileges offered in the earlier stage of life — 
evening instraction, such as that contemplated by the North Staffordshire 
engineers, would be more valuable. He understood that it was already in 
contemplation to appoint a chair for instruction in mining — snch chair 
would give very much such instruction as regards mining as is given to 
the present classes in chemistry ; but it would not be to any large extent 
of that description which would be desirable for the class of people of 
whom he had spoken. He therefore thought that if a mining profeesw 
should be appointed, periodical lectures should be given, and it would be 
desirable, if possible, that the professfT should be a practical as well as 
a scientifiu man. It was a subject of general remark, and be had 
regretted it very much, that there were frequently men well able from their 
practical knowledge to become managers of collieries, but who in the ex- 
amination which it is necessary they should pass in order to obtain their 
certificates, faU for want of the knowledge which might be imparted by 
such classes as he had spoken about. 

Mr. J. B. Siups0:« said, it was the intention of the College of Physicvl 
Science to appoint a mining professor. The (|iiestion was to be eonaiderod 
by the Council in the cosuing week, aud probably it would be better to 
allow the question t« remain ofwn imtil it was seen what whs done by 
them. The object to be obtained was the same as that which was urigi- 
n&lly intended when the college was commenced, and which had always 
be«n kept before the Mining Institnte; and he thimght that the education 
which would be given by the college through the profe8S()r of mining 
would carry out what Mr. GreenweH's intention seemed U> be, that 
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was, to give a theoretical knowledge of raining to those who had not had 
the benefit of education ; and, although that would not probably apply to 
most of the students who attended in the day time, yet in the evenings, no 
doubt, the professor of mining would be able to have classes which could 
be attended by oveimen and others from the collieries round about. If a 
little time were given, the members would see whether the course which 
the Physical Science College was about to take would meet Mr. Greenwell's 
views on the subject. 

The subject then dropped. 



At the suggestion of ]Mr. John H. Merivale, and on the recommenda- 
tion of the Council, the Secretary was instructed to write to the Registrar- 
General and ask him to add the profession of ** Mining Engineers" to those 
already given in the results of the census of 1871, showing the occupation 
and ages of people at death. 



Mr. T. J . Bewick then read the following Memoir of Mr. Thomas 
Sopwith : — 



'k 
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MEMOIR OF MR. THOMAS SOPWTTH. 



: TIIOM. J. BKWICK. 



TH0UA3 SopwiTH, M.A., F.R.S., was Ixini in NewcnstlMipon-Tync, on 
the 3n;l of Jiinuury, 1803, and received his education at private Bchoola 
in that town and in Gatesbead. 

He was first apprenticed to hie father, who carried on with succeBS a 
large cabiLct- making and joinery busincHS in Newcastle, and although 
retaining an interest tiierein for many years, he did not long continue to 
practically follow it. He had much taate for drawing, and became a 
rapid and correct slietcher, in which he escelled all his life. He likewiee 

devoted himBclf much to scientific and literary pursuits. He rose early ; 
was active, industriona, and persevering ; and thns it was, whilst still at 
the bench from early mom to late at night, he found time (o study 
architecture and the nae of optical and philosophical instruments, in 
which he became proficient. Thus tn 1822, when only nineteen years of 
age, he designed a new gaol for his native to^Ti, and illustrated it by 
models and plans, which secured for him the commendation of the 
anthorities, and a gratuity of ten guineas was voted to him. 

On attaining manhood he, with his father's consent, left the business, 
to study land and mining surveying at Alston Moor, and in this he sooa 
made himself so competent that Mr. Dickinson, under whom he had 
studied, took him into partnership. 

Having made mine surveying and engineering a special study, he 
quickly became noted for the correctness of his surveys, and the neatness 
and detail of the plans and sections which he prepared therefrom. 

During the four years he remained at Alston he, in conjunction with 
his partner, prepared detailed plans and sections of the lead mines in 
Alston Moor, belonging to the Commissionera of Greenwich Hospital. 
He was also during this period engaged tn making surveys and plans for 
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thf Oorimraticm of Xcwcaatlo and otliers. These occupntfonR did not, 
however, prevent Iiira following the bent of hia mind, for in 1820 he 
published his first l>ook, bein^ au account and plans of the interior of 
All SaintiS" Church, in Newcastle-on-Tyne, and made sketches of TarJous 
public buildings and private works, the latter principally those of a 
mining character. 

It was during this time that some etched plana and sections of the 
great Hiidgill Bum I^ead Mine, which he had prepared, came to the 
knowledge of Dr. DucMand, the celebrated professor of geology, and led 
ta an intimacy ending only in the doctor's death. 

While at Alston he made the acquaintance of the late Mr. Hugh Iiee 
Pattinson, so well known as the inventor of the de-silvcrizing process 
Iteanng his name, and a close friendship continued until the death of 
Mr. Pattinson. 

Hnvinp established himself as a civil and mining engineer in Sow- 
caetlc. he soon found much occupation in the profession he had adopted. 
In I8S0 he surveyed and levelled a new road between Newcastle and 
Ottorbnrn, anil was consnltod by many of the connty gentry on various 
matters alfoctiiig (heir estates. 

In 18SS he entered upon new otfices jn the Roytd Arcade, which he 
contimied to occupy until il*4.'i, when he received the appointment of 
chief agent of the W. B, T^ad Mines in Northumberland and Durham. 

In thf-se thirti'cn years he was occupied professionally <ni nuuiy IiicaI 
undertakings, such as the new streets and improvements of Newcastle, 
carried out by Mr. Richard ftraingers the coal and iron mines of the 
Forest of Dean, of which he made detailed surveys, and prepared sections, 
and a model of the entire Forest, showing the lieda of eiml and workinga 
therein, and roponed thereon U> the 'WiK)d8 and Forests Department of 
the Qoremment ; the Newcastle and Carlisle, the Great North "f England, 
the Newcastle and Berwick, the Iiondon and Brighton, and other railways 
in FiUgland, as w^U as the ^mbre and Meuse Railway in Belgium; ft 
road from Newcastle to Shotley Bridge, and an extension to Middleton- 
iti-Teesdale : works connected with the improvement of the River Tync j 
and many others of a similar hut less extensive character. Whilst ooca- 
pied on thi«c undertakings he made the acquaintance of many eminent 
men. professional and otherwise. Amongst othent may be named the late 
Mt-ssrs. (ieorge and Robert Stephenson. Mr. John Buddie, Mr, Nicholas 
Wood, Mr. Kichnnl Grainger. Sir William Cuhitt. Mr. I. K. Brunei, Mr. 
J. M. Itendel, and Mr. Bryan Donkin. 

Ader IK^ri, although not taking an active part publicly in the pro- 
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fession, he yet, in conjunction with the lute Mr. Marcus Scott, hia brother- 
in-law, and Mr. T. Macdougall Smith, carried on an extensive practice as 
civil and mining en^neers in London. 

Having previously been engaged in coonection with the mines of the 
Forest of Dean, he was, under the Act 1 and 2 Vict,, c. 43, for regulating 
the opening and working of mines and quarries in the Forest of Dean, in 
the County of Gloucester, which received the Royal assent on 27th Jaly, 
1838, appointed by the (Joveroment Commissioner on behalf of tho 
Crow7), his colleagues being John Probyn, Esq., of Gloucester, selected 
by the Free Miners, and John Buddie, Esq., the eminent colliery viewer, 
who waa the third Commissioner or Umpire. 

The inquiry extended over three years, and in July, 1841, the 
CommiBaionera made their award, whieh, by order of Her Majesty's 
Conamiasioners of Woods, Forests, and Land Revenue, was in the same 
year published, and the task of preparing the awai'd and aecomjianying 
map for publication devolved on Mr. Sopwith. 

On frequent Bubscquent occasions Mr. Sopwith acted professionally for 
the Government in connection with Crown properties. 

From 1845 to 1871, a period of twenty-sis years, Mr. Sopwith was 
chief agent of the W. B. Lead Mines, belonging to the Beaumont tamily, 
the representative of which is, and waa dnring the greater part of Mr. 8op- 
with's connection therewith, Wentworth Biackett Beaumont, Esq., M.P. 
The first twelve years of this period Mr. Sopwith resided almost con- 
stantly at AlJcnheads, and here, in the midst of the workmen and their 
families, he was ever busy in promoting the interest* of his employer, but 
in so doing did not forget the well-being of those acting under him, 
whether as agents or n'orkmen. He took great interest iu the comfort of 
those around him, and in the education of the children whose parents 
were dependent on the industiy over which he presided. In these 
matters he fonnd in Mr. Beaumont a zealous and libci-al chief. The 
houses were improved, and many new ones built, witli due regard to the 
health and comfort of the inmates. Several schools were erected iti the 
various districts comprised within the limits of the vast property of which 
Mr. Sopwith had charge. These schools were open to all denominations 
ahke, and the mode of teaching religious lessons, as carried out at these 
schools, waa shown by Mr. Sopwith in evidence given by him before 
a Parliamentary Committee, when he illustrated the various lessons a 
teacher might give from the 19th Psalm, The children were made 
to think, and every writing lesaon was a useful piece of information! 
punctuality wiis constantly enforoLd, and a system, wbicli Mr. Sopwitii 
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called "drill nrithractic," was BucceBsfnlly carried out. Object lessoni, 
freehand and geometrical drawing, gramniar, compoeition, geography, 
and, not least, the importance of punctuality, integrity, and good coDduct 
in every relation of life, were Beduoualy enjoined and conatantly illustrated 
and enforced. 

In addition to the schools, minere' rooms were erected, libraries and 
news rooms established, and benefit societies formed at the different 
centres on a larger scale than had previonaly be«n attempted, all of which 
tended greatly to the comfort and improvement of the workmen and othens. 

After 18&7 Mr. St.ipwith lived in London, but still acted as Mr. Beau- 
mont's chief mining agent. Although less frequently present amongst 
the workmen, he continued up to his retirement in 1871 to take the same 
lively interest in the well-being of the people, and devoted much time to 
their social welfare. 

In June, 1871, after holding the appointment twenty-sis years, Mr. 
Scpwitb resigned his office of chief agent at the W. B. Lead Mines, and 
retired from the active duties of the profession, having been engaged 
in it just half a century. 

On his retirement he was entertained at a complimentary dinner, and 
presented by the agents and workmen of the W. B. I«ad Mines and 
others with a handsome service of plato, " as a teBtimonial of their respect 
and esteem of his skill and integrity in the discharge of his duties duriof; 
a period of twenty-six years ; and also to mark their appreciation of his 
zealons effort* in promoting education and other benevolent objects." At 
the same time he was presented with a lengthy address from the workmen, 
testifying to the great interest he had ever evinced towards them and 
their families, and expressing in warm terms their gratitude and thank- 
fulness, and their regret that his retirement fi-om the active duties of his 
profession was the end of a beneficial supervision, and tlie breaking of 
the close link which had existed between them for overafiuarter of a century. 

Mr. Sopwith was the author of several books and papers. Amongst 
them may l>e mentioned " A Historical and Desi'riptive Account of AD 
Saint*' Church in Newcastle-upi>n-Tyne," published in February, 1826, 
when Mr. ftjpwith had only just completed his twenty-third year ; " An 
Account of the Mining Districts of Alston Moor, Weanlak-, and Te«- 
dale," published at .\Inwick in I8:)8; and in the folinwing y^'ar wu 
issued his largest work on " Isometrical Drawing," which went through 
several editions. Resides these Mr. Sopwith was the anthor of sodm 
books on travel, educational and other subjects, and not unfk^uentlf 
contributed articles to magazines and newsfiapers. 
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On the occasion of the British ABsoriatinn mePting in Ncwcastle-oa- 
Tjne in 1838, Mr. Sopwith took an active part in prtmioting its Bnccesa, 
and contribntsd six papers on various subjects, one of which was " Sug- 
gestions on the Practicability and Importance of Preserving National 
Mining Records," which led to the appointment of a Committee of the 
Association, consisting of the Marquis of Northampton, Sir Charles 
Lemon, Bart., Mr. Buddie, and Mr. Sopwith, which succeeded in 
inducing the Government to take up the subject, and resulted in the 
establishment of the present department fur Mining Records at the 
Mnsenm of Practical Geology, in Jermyn Stn-ct, London, 

When the British Association assembled in Newcastle for the second 
time, in 186fS. Mr. Sopwith was again active in securing its success. Ho 
was one of the secretarios of the Geolt^cal Section ; contributed a paper 
on " A Section of the Strata from Hownes Gill to Cross Fell " and, in 
conjnnction with the late Mr. Thomas Richardson, prepared the report 
" On the Local Manufacture of Lead, Copper, Zinc, Antimony. &c." On 
this occasion one <j{ the eucursiona of the members of the Association was 
to Allenheads, when in spite of a pouring rain a day of great interest and 
enjoyment was experienced, in which Mr. Sopwith took a prominent part. 

In May, 1833, Mr. Sijpwith was elected a member of the Institution 
of Civil Engineers, and at hia death there were only twelve members on 
the list who had been elected at an earlier date. In the proceedings he 
took much interest, was a member of the Council in 1846, 1847, and 
1648, and occasionally took part in the discussions at the weekly 
meetings of the Institution, the last occasion on which he addressed the 
members lieing within a few weeks of his death. 

On the 5th June, 1845, he was elected a Fellow of the Royal Society, 
and in 1857 had confeixcd upon him the honorary degree of M.A. by 
the Senate of the University of Durham. He was also from 1845 a 
Fellow of the Society of Arts, and from 1858 to 18113 was on the Council; 
a Fellow of the Geological Society and other kindred institutions, and to 
all, or nearly all, the Bodettca with which he was counccteil he contributed 
papers. He took a warm interest in local institutions, and actively 
promoted lectures to the working classes, and exhibitions of works of tut 
and industry in his native town. 

Of onr o(m Institute ho became a member in 1868 and continued 
until 1877, when, living as he then was far irom the scenes of oiir 
labours, he retired, leaving his only sons (Mr, Thomas Sopwith and 
Mr. Arthur Sopwith) on the list of membership. He contributed in 18C6 
a paper on '* The Lead Mining Districts of the North of England." 
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Amongst Mr, Sopivith'a intimate friends, are to be numbered Pro- 
fessors Buckland, Sedgwick, Conjbeare, .Tohn Philips, Faraday, and 
Pilfana, George and Robert Stephenson, Robert and William Chambore, 
Sir Roderick Murchison, Sir Francis Chantrey, Charles Babbage, John 
Bnddle, Sir William Ciibitt, and Mary Somerville the authoress, with 
each of whom he carried on friendly and scientific correspondence. 

He had considerable mechanical and geological knowledge, and in the 
latter more particularly was frequently consulled on important matten, 
whilst in the former he was the inventor of tlic Telescopic Levelling Stave 
and the Mono^lied Cabinet, an ingenious and admirable arrangement of 
writing desk and drawers combined under one key. Tie likewise designed 
the series of geological models, now so well known by studento and otherB, 
constructed of different coloured woods ns representing various beds of 
rock, and showing with extreme clearness the effect resulting from dislo- 
cations, denudation, etc. An escellent model of the Forest of Dean, 
showing the surface and the more important beds of coal, was prepared 
from the designs and under the direction of Mr. Sojjwith for the Com- 
missioners of Woods and Forests, and is now placed in the Museum of 
Practical Geology in London. Somewhat similar models were constructed 
by Mr, Sopwith of the Ebbw Vale and Sirhowy Iron Company's property 
and mines of coal and iron in Monmouthshire, and of lead and other 
mines in different parts of the country. 

ITie well-known hydraulic machinery for pnmping, winding, crushing, 
and other purposes at the W. B. Lead Mines was designed and erected 
by Sir W. Q. Armstrong, acting under Mr. Sopwith's instructions. 

Mr. Sopwith entered on his career when the engineering profession 
was, it may be said, in its infancy. The Stockton and Darlington Rail- 
way was opened when he was twenty-two, and the Liverpool and Man- 
cheater line before he had att^iinod his twenty-seventh year. It was not 
however railways to which he especially devoted his attention : from the 
first he appears to have laid out a course for himself which eventnally 
placed him in the front rank of metalliferous mining engineers. Great 
industry, exactness in details, clearness of expression, methodical to k 
fanlt, and conscientious in all his transactions, were characteristic of Mr. 
Sopwith. He was a fluent speaker and a ready and precise writer, as ia 
proved by his jouruals, which consist of 168 volumes, containing intcreat- 
ing descriptions of places and people, interspersed with numerous and 
amusing pen-and-ink sketches which would do credit to a profesaiontl 
artist. This journal was begun when he was eighteen years of age, and 
continued to within a fortnight of bis death, a period of fiily-eight yean, 
with the same characteristic neatness and exactness. 
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Up to witi-.D a few muntliB of his deatb, which occurred at hiB resi- 
dence in London, on tlie 16th of January, 1879, at the age of 76, Mr, 
Sopwith enjoyed excellent health. He was Ibnd of travelling, and visited 
many places oa the Continent ; and few lo<.-jilities of interest in the British 
isles were unknown to him. With his natural flow of high spiiita, con- 
versational powers, and well-stored and retentive memory, he waaageDial 
companion and a good friend, and will long be reraembered with feelings 
of satJafactiou by those whose advantage it was to have the pleasure of 
hja acquaintance. 

The writer's connection with Mr, Sopwith dates from January, 1886 j 
he served his articles of apprenticeship with him, and continued as his 
assistant until 184C, fi'ora which time until 1866 he acted under him as 
engineer of the W, B. Lead Mines, and subsequently a more or less dose 
professional and friendly intercourse continued to exist up to Mr. Sop- 
with's decease. 

Much of the preceding is within the writer's personal knowledge, but 
he has in addition been greatly indebted to a memoir of Mr. S pwith, 
published in the Traneactiona of the Institution of Civil Engineers, recently 
issued, and from which, with the permission of the writer, he has freely 
copied, and for which he heartily offers his acknowledgments. 



Mr. Steavessos thought that the meeting would agree with him that 
theii- time had been well spent in listening to the record of a useful life 
such OS had just been so attractively described by Mr. Bewick, and ho 
had great pleasure in moving a vote of thanks to that gentleman, 

Mr. Cooke seconded the motion, which was unanimously carried. 



The following papers were then read : — *' Notes on the Mneaeler 
Lamp," by Mr. A. R. Sawyer, and "Improved Safety-lamps on the 
Davy and Mueeeler Types," by Mr. James Ashwobth. 



Ab these papers contain iiiauj allusions to the Muescler lamp, it has 
been thought advisable to print a translation of a rei>ort of a committee 
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nominated in Belgium by Ministerial decree the SOtli Jannary, 1867, tlie 
powers of which were enlarged by another decree dated 20th January, 
18G8, which was published in the year 1873, and also a. transtatiuu of the 
royal decree concerning safety-lampe bearing date 17th June, 187C, which 
have obligingly been placed atthedi^ositionof the Inatitut* bjMr.O. G. 
Jackaou, of Wigan. 



SAFETY-LAilPfi FOtt MISE3. 



SAFETY-LAMPS FOR MINES. 



Report of the Commission instituted in Belgium by Ministeeial 
Deceee date[> the 20th ok January, ISCS. 



By a deci'ee dated the Ifith of Apiil, 18fi7, the MiuiHter of Public Works 
appoiutcd a Cummisfiion of Engineers to examine whether it was adviEable 
to alliiw the ubc of certain eafety-laraps fed with (leti-oleiim oil for the 
lighting of fiery mines. 

This Commission had uommcnced its report, when, iu 18G8, in con- 
sequence of exjieriuients made in England on mining lamps placed in 
explosive currents mo\'ing at a high velocity, the Minister enlarged the 
scope of the Commission by a decree dated the 20th of Januaij, intnisting 
it with the examination and comparison of the various lighting apparutusj 
mdudiQg thoee which wore already in use io mines m well as those which 
had been recently proposed, whether fed with vegetable or mineral oil. 
The members of the Commission were also finally selected at the same 
time,* 

The enlargement of the prcgnunme cansed the presentation for trial 
of a very large number of lighting apparatus. A Sub- Com mission was 
named from the Cummisaion itself for the purpose of proceeding with such 
preliminary experiments as would justify a preparatory climimition. 
Several events internipted the labours of the Commission: they were 
resumed in 1872, and resulted in a numerous series of experiments; these 
experiments, as well as those undertaken in 1868 by the Sub-Commission, 
took place at one of the gas-works in Li^ge, 

The circumstances and results of the experiments are recorded in the 
detailed tables published afterwards, which tables should be considered 
as having to some extent guided the Commission in their report. To these 



•After varions cbangPB it wa> in the endcompoMd of :— MM. Jochams, Ingpeotor 
General of Mines, Premdenti Trwenater, ProfeBsor at the Univenitj of Li^ge, Vice- 
Praiident: Ijaguesse and Van Scherpenzeel.Thim, CTiiet Enginoen; Chandelon, Pro- 
fessor at the Univernity of Lii!^; Lambvrt, PrliiL'ipal Engineer; K. Miickcl, Director 
of Coal MiiiKi; Harae, Engineer, Secreturji 8eho™, Engineer, AsHislant Seeretiirj. 
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tablCB are added a deBcriptive table of the lamps, and some aketf^hes ; the 
latter, although not indicatiag the details of the working of the different 
parts, ai'c, neverthclees, quite Biiffident to show the character of the pro- 
posed innovations. 

The apparatus used for the esperimentfl, which it is not necessary here 
to describe in detail, consisted of a box-gallery of wood in which the 
lamps were placed to be tried ; one of the sides was pierced with apertures 
furnished with thick glasses which allowed all that was going on inside to 
be seen. A centriiugal fan driven by a steam engine caused a rapid 
current of air in the box-gallery, into which, at any given moment, the 
illnminating gas, coming from a gasometer specially reserved for the 
experiments of the Commission, could be iutiiiduced. An hydraulic valve 
served to introduce, stop, and regulate the emission of the gas. The box- 
gatlery was shut up in a dark chamber in order that t!ie phenomena in 
all their details might lie better observed; the lever by means of which 
the valve was worked was placed in the interior of this chamber. 

Tlie action of the machine could be very easily regulated so as to 
obtain currents of a very appreciably uniform velocity during the period 
of a series of experiments. This uniformity was confirmed by numerons 
observations by means of Biram's and Dickinson's anemometers; the latter 
partieuiarly being able to be used easily and quickly, was employed ftt 
frequent intervals to control the working of the engine. 

Concerning the composition of the miitnre, special experiments were 
made to approximately determine the proportions of gas corresponding 
to different openings of the valve. These experiments gave tiie follow- 
ing results for a velocity of six metres of the mixture : — 
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The experiments were generally made with mixtures moving at m 
velocity of about 19'68 feet per second, a velocity known to be dangeroiu 
for the ordinary MuEscIer lamp, whilst a velocity of fVom 984 toldlSfeet 
has in a1m<«t every case been found safe. 
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In order to etndy in as complete a manner an possible all the 
phenomena which these lighting apparatus may exhibit under all the 
different circnmBtanccB attendant on their habitual use, and to report with 
Bome certainty upon the degree of confidence that can be attached to the 
different syBtemsof apparatns, the Commission introduced into the experi- 
ments certain exceptional tests and conditions, viz,: — 

Firstly — Continuing the experiment as long as possible, that is to say, 
during five or six minutes ; the quantity of gas enclosed in the gasometer 
would not permit of this time being exceeded when the speed of the 
current was about I3-68 feet. When the Mueselcr lump was placed in an 
explosive current of this velocity. It was remarked that after the extinction 
of the wick the gafi continued to burn under the horizontal gauze ; and 
it was feared that this combustion prolonged for a certain time would 
cause the horizontal gauze to become red hot, and by that means pass the 
flame to the outside ; nevertheless, few explosions were produced by eiperi- 
menta of this kind, and it may be said that the excessive prolongation of 
the action of rapidly explosive mixtures upon the Mueseler lamp is not, by 
itself, a positive cause of explosion. 

Secondly — Covering the horizontal gauze of the lamps with oil and 
sprinkling it over with fine coal dust, to imitate the condition of a lamp 
which has been upset and either has not been extiiignished by the fall, or 
when extinguished bus been relit by a careless person. It was ascer- 
tained that the lamps, when in this state, pretty easily produced explosions, 
especially when the explosive ciiiTent was moving at a high speed. 

Thirdly — By subjecting the lamps experimented on to motion, as the 
lamps of workmen, when moving about in the workings of the mine, are 
often subjected to more or less rough and violent oscillations, according 
to the degree of precaution of the persons who carry them. Some experi- 
ments tried on this effect have made it obvions that the safety of the lamp 
is diminished by moving it to and fro, particularly in the ease where a 
lamp which oaciliatea is suddenly surrounded by an explosive mixture. 

Fourthly — It was observed in some experiments that variations in the 
proportions of the gaseous mixture seemed to have facilitated the passage 
of the flame to the exterior of the lamp ; the Commission were thus led 
to vary the admi^ion of gas by a studied manipulation of the valve, 
designated in the tables by the sign "Sch," and which may be thus 
described. The lamp was first put out by means of a sufficiently strong 
mixture of gas, which was maintained for several seconds, to heat the 
metallic parts. The influx of gas was then gradually diminished nearly 
to the point where the mixture ceased to be combustible; when ordi- 
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narily.at this moment, either the lamp was totally extinguiehcd, or the fl&me 
passed tip the chimney info the wire f;auze cj-linder. In the latter case, 
the exiiloaion was inevitable, ])articnlarly if at this moment the proportion 
of gafl was a littlo augmented. This snccession of circiimstanceB, however 
artificial it may appear at first sight, con very well occur in mines, 
where the composition of the gaseons mixtures in circulation is far from 
being uniform. Relatively frequent explosions have been obtained by 
this manoeuvre, more or less varied according to circumstances and the 
class of lamp submitted to experiment. It may be conclndcd for that 
reason that mixtures containing very little gas facilitate the passage of the 
flame np the chimney, a fact which is explained, besides, by the small 
quantity of carbonic acid produced by the combustion of the mixture in 
the glass cylinder. 

Fifthly — The Commission also judged it useful to observe the effect 
produced on the lam]iB by inclined currents, either ascending or descending. 
From want of time, they were not able to make nse of the arrangement 
which had been resolved upon for this purpose ; in place of which they 
made use of a small ai>paratus that they introduced into the Iiox ; it wsa 
composed of two email parallel boards, inclined to the horizon at an angle 
of about S0°, and each pierced with an elliptical opening to insert the lamp. 
This nppanitUB produced not only the inflection of the current bnt 
whirlings, the existence of which wa« shown by the oscillations of the 
flame. It is without any doubt that the disastrous results of experiments 
of this kind are due to these whirlings, for not one lamp prevented 
explosion when they were present ; and from the observed results, it may 
l>c admitted that the employment of the apparatus with inclined currents 
had tbe effect of completely changing the action of the combustion in the 
lamps, the gaaeous mixture arriving upon the flame down the chimney, 
whilst the products of combustion passed away through the horizontal 
gauze ; also that the whirlings, which are produced when a rapid current 
of air issues out of a cutting or staple, comes rushing into a galleiy, 
create an eminently dangerous combination if the current is more or leM 
charged with gas, and, therefoi'e, miners cannot nse too much cuution is 
approaching places where such currents are likely to occnr. 

Plat«a Nos. XIV. to XVIII. show the different systems of lamps that 
have bcten tried, and the detailed results of the experiments are giveo.* 



* lu the origilutl report there mra teu |*gu of table* deicriptive of tbe vmriooi 
lampa which it hu nut bwii tlmuphE iiecvMrj tii pubUali here. £itrmot^ bowvWi 
luve bueii luuU' fruui llicui aud uddrd Ui tliedni»iiiei. 
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Certain lamps which exploded too easily, and certain others which burned 
badly and wero not of a practical con b tract ion, were only subjected to a 
limited number of esperiraents. 

The experiments, as a whole, proved that no lighting apparatus 
can be considered as absolutely safe. As far as the Davy and Deputies 
lamps are concerned, it has been obaerred from the beginning that they 
give no kind of security in explosive currents moving at a velocity of 
7-380 feet per second. Besides, the Commission of St. Etienne had already 
ascertained that these lamps ceased to be safe in an explosive current 
moving at a speed of 5-57tl fe«t per second. The Commission therefore 
employed these lamps when they desired to produce explosions, and 
also when they wished to ascertain the composition of the mixtnree. 

The Hueseler lamp, whether made according to the standard or not^ 
generally comported itself well ; however, in several cases it produced 
explosions the determining causes of which were not well known ; the 
special manteuvre "Sch" of the vaive, the greasing of the horizontal 
gauze, swinging, and the ascending whirling cuiTenta, also caused it to 
explode. It was obsei-ved that the safety of this lamp rests above all in 
the ufflTowness of the top of the chimney, the diameter of which it is 
advisable to diminish as much as the requirements of practice permit. 

Among the various systems derived ii'om the Miiescler type, the lamps, 
Godin G. and Joasain, were the only ones which have passed through 
nearly all the experiments without explosion. The first produces little 
light, compared to the Mueseler, on account of the wire gauze cone which 
Burroiinds the flame; by its resistance to the different causes of explosion, 
and by the persistence with which it preserves its light in explosive 
mixtures, it may be considered as a good aafety-tanip, in cases where it is 
necessary to penetrate into works where fire-damp exists; but unfor- 
tunately it has been observed that this lamp occasions explosions in 
inclined and whirling currents, either ascending or descending. 

Of all the lamps submitted to the experiments, the Mueseler-Joassin 
lamp has comported itself the best ; the ascending and whirliug cmrcnta, 
combined with the manteuvre "Sch" of the valve, alone being able to 
make it fail. But these are the most dangerous circumstances to which 
a lighting apparatus can be exposed. 

Independently of the lamps presented by different inventors, the 
Commission, acting upon the experience acquired in the aiurse of their 
work, endeavoured to produce several modifications in the details of the 
Mueseler lamp ; these modifications have been more particularly modifica- 
tions in the diameter of the top of the chimney, as well aa in its shape at 
the base, and in the distance between the base and the wick tube. 
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It was observed, as it has already been said, tliat the narrownea 
of the upper part of the cliimney constitutes a great guarantee of safety, 
in the Uuescler lamp aud in the lamps of which it forms the type ; also 
that the existence or non-exislence of « bell-mouthing at the base of the 
ohimney, as well as a diSerenee of a few hundredth parta of an inch in 
the height at which the chimney is placed above the wick tube, does not 
essentially modify the safety of the lamp ; there is however a shade is 
favour of the standard chimney. 

Another modification consisted in the division of the upper part of the 
chimney into several channels, in order to obtain a total section sufficient 
for the escape of the products of combustion, combined with escape 
orifices of a very small diameter. M. Demanet (who submitted a lamp 
of this type) agreed nith the Commission that this arrangement did not 
produce any useful results in the inclined and whirling currenta. 

The Commission also made some tests to ascertain the influence 
which the nature of the wire gauze had upon the rapidity of the trans- 
mission of the flame. These experiments, made by means of the 
Deputies lamps, did not always give precise results, the explosions in 
every case taking place in a very short time; nevertheless, the period 
during which a gauze resisted the explosive influences increased in propor- 
tioa to the thickucea of the mre and the smallnees of the tuesli. 

The lamps submitted to the different experiments were provided either 
with ordinary glasses or crystal glasses, both fiimishcd by the establishment 
of Val St, Lambert. The crystal glass cylinders did not resist the over- 
heating any better than those of glass ; the fractures which manifested 
themselves were besides more irregular, and, consequently, more dan* 
gcrons than those in the ordinary glasses. But it is to be remarked that, 
whatever the material employed in the manufacture of these glass cylinders 
might be, the Commission, in the course of numerous experiments, never 
had a case of explosion due to their rupture, the fragments after fracture 
remaining in all cases secure in the sockets. 

In concluding this report, it was observed that, on account of the short 
length of the testing box, the gas at its arrival in the lamp, was never in a 
Btate of intimate mixture with the air; and it was shown that the state of 
the atmosphere, the temperature, and degree of humidity of the air, the 
composition of tho gas, its more or lees recent make, etc., etc., were aomo 
of the causes which may have had an influence on the variation of the 
leenlts obtained. The dangerous moment of the exposure of a lamp 
being followed either by an explosion outside the lamp, or by ite total 
extinction, produced by a turning round of the Hame, or by a anuJJ 
i&Udor explosion, it may be comprehended that the smallesl difference In 
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the circnm stances imder which tho experinieute were made, or the sadden 
interpOHition of the slightest current of air of whatever sort, suffices to 
make a variation in the result. Hence the necessity of the numerone 
experimentB which had been made, and which would from necessity form 
an important part of the experience upon which the Commission would 
have to base its judgment. 



The Davy lamps, Fig. 1, Plate XIV,, experimented upon were of the 
following makes, viz. : — French, used in the district of Mona, by DubroUe, 
Lille ; English, and one with a double gauze and interior glass. 

The lamps called "Deputy, or testing lamps," Fig, 2, Plate 5IV., 
were of the following makes, viz. : — Charferoi, with simple gauze, used ia 
the district of Mons, with double gauze Mueseler Liege type, without the 
chimney, and an English Clanny lamp. 

On these lamps the Commissioners observed "that the Davy and 
deputy lamps, when exposed for two minntcs to an explosive mixture 
of air and lighting gas, moving at a velocity of 4'3G1 feet per second, do 
not communicate the flame to the exterior, but when the velocity reaches 
or surpasses 7'880 feet the explosion is always produced on the outside, 
gave in quite exceptional cases of extinction by asphyxia, caused by the 
voluntary admission of a large quantity of gaa. The Commission did not 
endeavour to imd out at what velocity between 4'204 leet and 7-380 
feet the phenomenon of esterior combustion commences to manifest " 
itself; but it has been observed that the explosion takes place after from 
five to ten seconds when tho velocity is 9-840 feet; and after from two 
to five seconds when the speed is 19'680 feet. Sometimes, at the 
latter speed, the explosion seems instantaneous. The Davy lamps of the 
district of Mons, provided with a fine wire gauze (1,354 meshes to the 
square inch, and wire of '01 of an inch in diameter), and the Deputy's 
lamp of the same place, having a donble gauze of 1,354 mcahes to the 
square inch, occasioned, during the experiments of the Sub- Commission, 
ten cases of explosion out of ten experiments, at a Telocity of 13'120 feet. 
In recent experiments made at St. Etienne with the Charleroi Deputy 
lamp, having a simple gauze of 1,354 meshes to the square inch, and 
wire '01 inch in diameter, it was found that tliey were safe only in a 
velocity not exceeding 5"576 feet." 

Included in Sectiun_I. is the Singing lamp of Dr. Irvin, Fig. 8, Plate 
XIV., of English make, consisting of a bronze chimney, furnished with 
a glass disc, and terminated by an apparattis (kind of chimney), which. 
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in case of the comboBtion of a certaiD proportion of gas, cansea more or 
lees sonorous vibratiooB. The air is admitted through two gaozee, one of 
which is under the wick -tube in u horizontal position ; and the producta 
of eombuation poes utit through a small cylinder of wire gauze which sur- 
rounds the upper part of the chimney. 

The result of the t^sts made by the Commission in Telocities of 4-2G4 
feet and !l'840 feet was an explosion in the latt«r case ; and they obscrred 
that this lamp only produced its harmonic alarm sometime after the 
appearance of the flame had indicated the presence of a large quantity 
of gas ; and even whilst it wa« burning, the ganze cylinder of a Doputy'a 
or testing lamp was full of flame. At the seoond eiperimeut it exploded 
before the warning noise was heard. 

SECTION 11. 

The lamps tested were : — 
Tlw Li^ Maescler, made kocardlni^ to the Miniatcriol Deorco of July 10, ]BS1. 
iixige Mne*eler, ninplea A *nd B, from tlic Coal Mine* of L> Hiije. 
Uu. from Uie Cotl Mine* of Msrihafu. 

Do. iliortened '197 iiu. at the bue, from the Coal Minm of Mi>rili*;e. 

Hunaat Huewler, Moui diitrict, from the Cud Mlneii of I'AgrappD. 

Do. Do. old t,Tpe of the Sab-Commiuion. 

Do, Cliarleroi, from the Coal Mines uf MarcincUo. 

Haeavlur timpi, with ctiimiiejs of '295 to '315 inchca in diameter at the top. 
Hnoeler tamp*, with chimiie;* of '492 to '561 iuchei in diameter at tho lop 

(made bj Dubrulle, of Lille). 
Hneieler, Mons diotrict, with Aniould'i ihidd. 

OENEBAL OBSERVATIONS ON THE LAMPS INCLL'DED IN SECTION IL 
The Mueaeler lamps (general form of which is shown in Fig. i, Plate 
XIV.) sent for trial to the Commission were submitted to 21)4 experiments, 
made under very diverse circumstances. They gave rise to twcnty-eeven 
cases of explosion, and to sii or seven cases of the simple passage of the 
flame into the cylinder, omitting — first, the twelve experiments relative 
to the lamps Dubrulle, the dimensions uf which vary Uh) much from 
those adopted by llie inventor; secondly, forty-four experiments not 
classed ; and thirdly, twelve trials upon the efficacy of the Ariiould shield, 
the following general resalts were arrived at; — HG cxporiment* gave riae 
to twenty-two cases of explosion and five cases of the simple passage of 
the flame into the cylinder. 

The examination of the tables shows that out of 32G experiments there 
were 111 at a velocity of under IOCS feet, having given at a velocity of 
11*480 feet, two cases of explosion and three coses of simple imssage of 



eAFBTT-LAMPS FOR MISES. 191 

the flame (the horizontal gauze being dirty), and at li-76 feet or 
thereabout, nine cases of explosion — of which two were in incUned 
currents — by the sijccial " Sch" maoceuvre of the valve. 

The 115 other experiments were made in velocities approaching 19'68 
feet, and gave Chii'teen cases of cxplosiou and two cases of simple passage 
of the flame. 

The Sub-CommiBBion made seventy-nine experiments at a velocity of 
13']2 to 29*52 feet, experiments which were marked by six cases of 
explosion and two eases of simple passage of the flame, Jndging 
from these experimonts, it may be concluded that complete oxLtnction 
(wick and gas) only takes place in explosive mixtures of air and gas 
moving at a velocity not exceeding 9-84 feet. As soon as the velocity 
exceeds 9'84 feet the combustion of the gas shows itself under the 
horizontal gauze, and continues almost always after the extinction of the 
wick. Thus, at 19'68 feet out of the 115 expcrimentB, there have only 
been twenty-one cases of complete extinction, the greatest number caused 
either by an accidental admission of too mnch gas, or by little interior 
explosions. The experiments also show that, as far as the state of the 
lamps is concerned, the uncleanltness of the horiKontal gauze appeara to 
augment the facility of ex|ilo8ion, bat as this influence was only remarked 
in the lamp B, from the MoQg district, and us tlie exploBione took place 
instantaneonsly, the reBults may probably be attributed to a mechanical 
effect upon the draught produced by a chimney excessively depressed 
upon the wick-tnbe. The inclination of the lamps, their oscillation 
in the apparatus before the gas impinges on them, the prolongation of the 
combustion of the gas after the extinction of the wick under the 
horizontal gauze for five minutes or so, did not cause any case of explosion 
or even of simple passage of the flame. It is true tliat the experiments 
under these circiunstaocea were few in number. The special manoeuvre 
"Seh" of the valve has been shown to cause explosions rather easily. 
Indeed, out of sixty-five exiieriments at 14'7G0 feet and at I9-680 feet 
velocity there were eight cases of explosion and one case of simple passage 
of the flame. The experimentor was able at the later trials to produce 
one explosion out of every five experiments. Finally, notwithstanding 
the few experiments made, that the action of inclined currents, and the 
oscillation of the lamp before the impingement of the gas, considerably 
augmented the danger of explosion. However, in the latest experiments 
n^de in inclined currents, it was observed that these only promote a 
liability to explosion when they are inflected upwards, as in the testing 
apparatus, in such a manner as to produce a sensible agitation of the 
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flame of the wick. It may be added (hat every circumstance of & natnre 
to disturb the dranght of the Mneseler chimney, in other words, every 
uircmnstance which manifcste itself by a strong agitntioD, and notably 
by the crushing down of the flame, mnst bo considered as dangerous. 
(See the obacrvations relative to the lamps supplied witli chimneys having 
many outlets.) 

As far as the construction of the lamps is concerned, it results from 
the comparative experiments, that the relative secnrity of the lamps lies 
especially in the narrowness of the chimney at the top, and in the degree 
of resistance of the horizontal ganze to the penetration of the flatne. It 
would moreover appear, that the over-elevation of the base of the chimney 
above the wick-tube as well as the omission of the bell-mouthed widening, 
slightly dimiuislies the safety of the lamp. But according to what 
has already been said above, au excessive depression of the chimney 
upon the wick-tube may also be hurtful. 

The effect of the Amould shield uiwn the Mueseler lamp essentially 
consists in retarding the moment of the extinction of the wick. This 
extinction requires a large proportion of gas, aud is almost always fol- 
lowed a few seconds after by the extinction of the gas under the horizontal 
gauze, gas which never fails to catch fire there, aud which, notwithstanding 
its I'olume is small, continues to bum in lamps deprived of the shield. 

If these resnlts arc compared with those furnished by the Davy and 
Deputy's test lamps, it must be inferred that the Mueseler lamp is the best, 
and that its superiority is particularly noticeable in rapid currents, bnt it 
docs not aflbrd absolute security. 

SECTION III. 
MDK8BLEB.TH0NARD LAMPS. 

On the horizontal gauze of the ordinary Mueseler chimney there is 
plaocd inside the gauze cylinder a truncated cone of copper, oi>en at the 
top and designed to break the current of air. Fig. 5, Plate XIV. 

These lamps were submitted to seventy-eight experiments, which are 
subdivided as follows: — Fourteen experiments with a velocity of from 
O-iGO to 181-J feet, which occasioned no explosions nor any case of the 
simple poss^e of the flame into the ganze cylinder. 

8i.xty.fonr enporimcuts with a velocity of 1 S'llS feet caused three cases 
of explosion, and also three cases of simple inflammation of gns iu the 
gauze cylinder. 

The Sub-Commission made nineteen experiments in velocities varying 
from 9'84 to 29 52 feet, resulting in one case in the simple passage of the 
flume into the cylinder. 
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It is clear from this that the lamps stood the tests mnch better than 
the ordinary Mueseler. The Bpecial manoeuvre " Sch" of the slide valves, 
and the oaciliation of the lamps before the explosive mixture reached the 
lamp, agala facilitated the passage of the flame. 

The Jlueseler lamp furnishes a much greater number of caaes of com- 
plete extinctions tlian the Thoiiard lamp, but in the latter the combustion 
of the gaa under the wire gaiize is most active. In fact out of sixty-four 
experiments at a velocity of 19-680 feet, the latter lamp was only com- 
pletely extinguished eight times. 

SECTION IV. 
MUESELER-JOASSIN LAMP, Ko. 1. 

On the horizontal gauze of the Mueseler chimney (with a diameter 
of "318 to '854 inches at the top) is placed within the gauze cylinder, a 
conical wire gauze fastened to the chimney at a height of 1-023 to 1-259 
inches, which offers a second obstacle to the passage of the flame. Fig. 1, 
Plate XV. 

These lamps were submitted to eighty-two experiments. One, which 
was exposed to all the trials most liltely to cause explosion, only furnished 
two cases of a simple passage of the flame into the ganze cylinder, and 
one case of explosion ; and these several cases only took place witli an 
ascending current. It resisted all the conditious of the special manoiuvra 
" 8ch " of the valve, of the prolonged duration of the experiments to five 
or six minutes, and of the oscUlation of the lamp. However, one other 
sample, with a chimney narrowed at the base, exploded when caused to 
oscillate. 

There were fourteen complete extinctions out of sixty-two experiments 
in a velocity of 19-68 feet. 

The Mueaeler-Joassin lamps were those which were the most to be 
rehed on, considering the number and variety of the experiments. 



SECTIOH V. 
MUESELEB-DEMANET LAMP. 

Under the horizontal gauze of tlie ordinary Mueseler chimney, and 
within the glass cylinder, an inverted gauze cone is fastened to the lower 
part of the chimney at a distance of '708 inch below the horizontal 
gauze. Fig. 2, Plate XV. 

This lamp was submitted by the Commission to forty-three experi- 
ments made in a, velocity of 19-68 feet of the explosive mixture under 
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Btifl^ciently varied circHmatiineeB. The experimento only caused one case 
of explosion. The lamp, nmongst all those which were tested, was the 
most Bubjoct to total ejtinctionB, twenty-five out of forty-three experi- 
ments. 

The Demanet lamp was oxperimented on fifteen times by the Sub- 
Commission in velocities of 9-840 to 29-520 feet, which cansed one explo- 
sion at the latter velocity, and also many total extinctions. 



MUESELER-JOASSIN No. 2 LAMPS, 

This 18 the same as tlie Mtieseler-JoaBain lamp No. 1, with the hori- 
zontal ^auzc replaced by a second ganze cone, like the one in the 
Mueseler-Deraanet lamp. Fig. 3, Plate XV. 

The particular disjioBition of thcBe gauzes allows of their being 
separated, and consequently they can be easily and perfectly cleaned. 
Nine experiments were made in & velocity of IO-GbO feet, without 
causing any cxplueions, btit in every case the lamp was extinguished. 

SECTION VII. 
HUESELEB-GOIIIN O LAMPS. 

The wick is isolated in the interior of the glass cylinder by a truncated 
cone of wire gauze, the base of which pressea on the oil reservoir of the 
lamp, and the upper part penetrates into a Mueseler chimney of '315 
inch in diameter at the top. Fig, 4, Plate XV. 

This lamp, after the Joussin No. 1, was subjected to the greatest varied 
experiments. Out of forty-two experiments made in a velocity of 19'C8 
feet per second it did not produce a single exterior explosion except in 
ascending or descending inclined currents, and it resisted all conditions of 
dnration, of oscillation, and of the special working " 8ch" of the valve. 

A certain number of experiments, clasaed among the ordinary condi- 
tions, were made by altering the valve with a view to find out the 
particular mode of admitting the gas which was most likely to cause an 
explosion. After the extinction of the wick, which re<iuired a large pro- 
portion of gas, the gas bumed inside the wire gauze cone, and when the 
velocity of the current rose to 19-68 feet, ther? were only six complete 
extinctions of the lamp out of forty-two experiments. 

The breakage of the ghisB is rare ; even without glass, the lamp 
s safe in inflammable mixtures moviug at a low velocity. 
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SECTION vni. 

MUESELEB-ARNOULD, No. 1. 

The chimney is formed of two truncated cones united at the height 
of the horizonta! gftuzc, and covered near the top by a horizontal gauze. 
Pig. 1, Plate XVI. 

ThJB lamp was often put out at once in strong and plunging currents. 
One variation gave a bad light on this account, and also because of the 
fineness of the top gauze (1,161 meBhes to the square inch) ; and this 
was the same with another sample when the glass cylinder was accident- 
ally too thick, and curtailed too much the passage of the air between the 
glass cylinder and the bcU-widcuing of the base of the chimney. 

Moreover, the combustion of the gas being thrown back by the bell- 
widening against the glass, caused its ii-acture to become relatively much 
more frequent. 

Another sample, however, did not present tliese defects. 

The Mueseler-Amould lamp was submitted to many experiments in 
explosive cnn'euts moving at a velocity of 19'680 ftet. Here again some 
experiments, classed amongst the ordinary ones, were made whilst trying 
to work the valve in order to produce an explosion. 

Out of thirty-six experimenta it only caused one explosion and two 
cases of combustion in the interior of the chimney. 

SECTION IX. 
MCESELER.ARNOnLD No. S LAMP. 

In this lamp the chimney is of the same general shape as the preceding 
one, with the addition of a small Mueseler chimney inside. Fig. 2, 
Plat« XVh 

The lamp burned pn>perly, and was less easily extinguished than the 
preceding one in plunging currents. Out of ten experiments it caused 
two cases of explosion. 

SECTION X. 
MUESELER.GOUIN C LAMPS. 

Here the wick is separated from the interior of the glass by a crystal 
prolongation of the chimney, resting on a copper gallery perforated with 
small holes. The chimney is of the ordinary Mueseler types, ■334 inch 
diameter at the top and slightly shortened at the base. Fig. S, Plate 
XVI. 

This lamp is one of the varieties of lam^is with Isolated flame pre- 
sented by M, Godin, which gave relatively good results in the experiments 
made by the Snb-Oommission. When the samples with a chimney half 
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ciyatal and half tin only are considered, the thirty-eight experimento to 
which these lamps were submitted occasioned only one case of explosion; 
but the isolation not being perfect, the gas was several times seen to bum 
between the two glasses under the horizontal gnnze, and the method of 
isolation by a horizontal wire gauze or with perforated copper, both of 
which being apt to become dirty, would lead to the supposition that in 
practice the light would be bad. 

The isolation of the wick in the Amonld Noe. 1, S, S lamps, tried by 
the Conunission, Eecms to he carried oat in a more rational manner. 

Ah to total extinctions, they were rarely produced when the velocity 
of the mixture reached I3'68 feet. 

SECTION XI. 
HUE8BLER.aODIN D LA3IP8. 

The same lamp aa the preceding one, excepting that the copper 
gallery is replaced by small atnds to sapport the interior glass, which 
conseqnently ceases to completely isolate the wick. Fig. 4, Plate XVI, 

This lamp is of a more practical construction than the preceding one, 
However, out of thirty-two experiments under the conditions stated alHn'e, 
of which se^'enteen were at a velocity of I9'68 feet, it occasioned three 
cases of explosion. It was also submitted by the Sub-Commission to 
thirteen experiments made with a velocity of 11'480 to 14*7S0 feet, 
and oocasioned three explosions. 

SECTION XII. 
MUE8ELER-0ODIN H LAMPS. 

Sample with cylinder entirely of ganze, and sample with cylinder half 
gauze and half tin, both furnished with a Mueeeler chimney with a 
second horizontal gauze. Fig. 1, Plate XVII. 

Out of seven experiments in a velocity of 19'G80 feet, this lamp 
occasioned one explosion, and not one case of simple extinction. 

During the experiments by the Sub- Com mission with samples of this 
lamp, in velocities of from il'8-10 to 2052 feet, two cases of explosion and 
six cases of simple combustion of gas in the cylinder wore occasioned. 

Sample with the cylinder half gauze and half tin. This lamp burned 
very badly and gave very little light, which caused the CommisHion to 
abandon their experiments with it. 

SECTION XIII. 
HUESELER-HARMEQNIES No. 6 LAMP. 

A Uneaeler chimney furnished in the interior of the glass with an 
inverted truncated cone of tin, joining the lower side of the chimney to 
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the Bide of the horizontal gaitze (almost in the same way as the truncated 
cone of wire gauze of the Mueseler-Demanet lamp). This truncated cone 
partitions off a certain cavity A imder the horizontal gauze, from whence a 
large tube descends almost to the level of the wick to feed the flame. 
Fig. 2, Plate XVII. 

The couBtructioQ of this lamp prevented the Commidon seeing what 
occurred after the extinction of the wick, and, after making three 
trials, resulting in one explosion, they did not think that it was neces- 
sary to continue the experiments. 

The Sub- Commissi on obtained one explosion out of seventeen 
experiments. 

SECTION XIV. 
MUESELEE-HARMEGNIES No. 6 LAMP. 

TJie lower cone of No. 5 is suppressed and the liorizouta! gauze is 
replaced by s disc of tin from whence the tube A starts to feed the wick. 
A wire gauze cone similar to that of the Muescler-Joassin is laid on the 
edge of this disc and fastened to the chimney near the top. Fig. 3, 
Plate SVII. 

The Commission obtained two exploaions from two trials in a Telocity 
of 19-^80 feet and did not continue the experiments. 

SECTION XV. 
MORISON LAMP (TWO SAMPLES SLIGHTLY DIFFERENT). 
In this class of lamp there are two glasses as in the old Rocour lamp, 
and the wick is isolated by an interior glass. It has the sheet iron 
chimney of the old Elviu lamp, surmounting the interior glass ; this chimney 
is formed of two truncated cones united at their smallest bases at a distance 
of, in one case 2'362 inches, and in another 1-259 inches, above the 
horizontal gauze. The fittings are joined by screws and nnte. Fig. 4, 
Plate XTII. 

These lamps are of a very complicated construction, give a very bad 
light in stagnant air, and were extinguished in the testing apparatus by 
the plunging current of air coming from the trap door. Out of eleven 
experiments at a velocity of 19"C8 feet, these lamps caused neither exterior 
explosions nor any inflammation of gas in the exterior cylinder. There 
were five complete extinctions; bnt some of them only might have been 
apparent becaase it was impossible to see under the lower gauze. 

The combustion of the gas filled the whole of the internal glass at times J 
it was often confined to tbe base and there were probably cases where it 
burnt without passing the lower gauze. Several parts of the lamp were 
onsoldered by the heat. 
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The Sub-CommisBinn submitted these lamps to nineteen ezperimentB 
in explosive cnrrcnts moving at n velocity of from I3'120 to 29-520 feet 
per second, with the came rcsnlts, but it woa also remarked that the 
ignited gaa passed the bottom gauze, entered between the two glaBsos, and 
burnt under the upper horizontal gauze. 

SECTION XVI. 
MOBISOS-ARNOL'LD LAMI' (TWO SAMPLES SLIGHTLY DIFFEEENT). 

MoriaoQ lamp modified, made more in the form of the ordinaiy 
Muenelcr lamp, and of a coustmction more practical than the preceding 
one, but they still burn with difficulty, and arc easily extinguished, 
particularly one sample where the interior gauze near the top part of tha 
chimney had a very close mesh. Fig. 1, Plat* SVIII. 

Ont of eight ei])erimeDta these lamps did not cause any case of explosion 
or of passage of flame into the cylinder. There was not a case of total 
extinction, and the flame in one of the experiments made with the other 
sample appeared to have passed between the two glasses. 

SECTION xvn. 
LAMPS WITH CHIMNEYS AND NDMER0C8 TUBES. 
In these the chimneys were furnished with the two cooes of ^vire ganze 
of the primitive Mueseler-JoassiD No. 2 lamp ; they are in two pieces to 
permit the cleaning of the two cones, h^gs. 2 and 3, Plate XVIIL 

The tubes are in clueterg tangential to one another and leave between 
tbem other little passages. These clusters can easily be taken off for 



UCESELER-JOASSIN No. S LAMP WITH TUBL'LAIt CHIMNEY. 

One specimen had in the interior of the chimney and at 1-02S inch 
from its extremity, a duster of three small tubes of l'0(i3 inches in height, 
andof -1 96 inch minimum diameter. (Fig. 2, Plate XVIII.) 

Another specimen had in the interior of the chimnev and at "708 
inch extremity a cluster of small tubes of '984 inch in height and of '167 
inch minimum diameter. 

Another specimen had in the interior of the chimney at '708 inch 
irom the top a elnster of small tabes of -8GG inch in height and "180 inch 
minimum diameter. 

In another specimen the top part of the chimney has a square section 
containing four long immovable tubes of 1889 inch in height and of -187 
inch miuimum diameter. The chimney might have been divided into 
wuall passages aocortliug to the axis. Fig. 3, Plate XVIII. 
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MUESELER-DEMANET WITH CHIMNET AND NUMEROUS TUBES. 

Chimney in one piece, provided with the two ganzes uf the primitive 
Mneseler-Demanet lamp and terminated at its extremity by a copper 
cylinder of -787 inch in hei^jht, perforated with six ehghtly conical holea of 
■157 incli minimmn diameter. Fig. 4, Plate XVIII. 

These lamps all behaved nearly in the some manner. They light 
properly ; bnt they seem to be easily extinguished in ascending cnrreuta. 
There has only been one case of simple total estinction ; bnt the 
tests have not been prolonged after the elide door was brought to and 
maintniced at a fixed point. Putting aside five esperimenta made in 
horizontal currents and in conditions resulting from the special manceuvre 
" Sch" of the valve, eiperiments, which, concurrently with thoae principally 
undertaken on the primitipe Mueseler-Joassin lamp, show the extreme 
difficulty that there would be in producing explosions in such ciirrenta 
with lighting apparatus provided with multitubular chimneys such as the 
above, all the experiments have been in ascending currents which had 
previously been found eminently dangerous. 

In ascending currents every one of the multitubular lamps con- 
tributed one cade of explosion in a velocity of 19'G80 feet, bnt it was 
noticed ttmt each time an explosion took place the position of the lamp 
experimented on was Biich that before the arrival of the gaa the flame of 
the wick was found U> vacillate strongly or to be crushed down on the wick, 
which indicated the presence of whirling currents or eddies in the moving 
mixture whereby a sudden ascending inflection wae produced in the cur- 
rents just as it began to impinge on the lamp. Thus the fretiuency of 
the explosions was much ofteuer caaaed by these whirlinga or eddies than 
by the simple velocity of the current, and the nhole of the experiments 
made by the Commission prove that only those circumstances may be 
considered as dangei-ous which reverse the currents of air and cause them 
to flow in a different manner to that which the lamp was designed to 
produce, and this reversal of the current is made manliest by the agitation 
and beating down of the flame. 



Lighting of Fieby Mutes.— Eoyal Dec'Kee of the 
I7th Juke, 1876. 

report to the king. 
SiBE, — For more than half a century laudable effiirta have been made, 
as well in Belginra as in other countries, to find a mode of lighting fiery 
mines without danger. 
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These efforts have not been without results, 

A liret and remarkiible result was obtained in 1815by theinrentiaQof 
thp Davj lamp. 

Received at first with distrust, the Davy lamp howcTcr did not fail to 
make rapid progress, and for a certain time it was considered an infallible 
preventative against an explosion of fire-damp. Later experience proved 
that its merit had been a little exaggerated, and that it possessed certain 
imperfcctioas. Numerous endeavours had been made to obviate these, when 
in 1840 a Belgian mining engineer, the late M. Mueseler, offered a 
safety-lamp of bia invention to a CoramiBsion charged by the Department 
of Publit; Works to make comparative trials of the principal apparatus 
in use for lighting mines. 

This Commission came to the conclusion that the Mueseler lamp com- 
bined, in a greater degree than all those submitted to their examination, 
the essential conditions of a good aafety-lamp. However, they thought 
it well to await the results of its practical use before definitely deciding 
the question. 

During the first few years the new apjMiratus was but partially used, 
and the Government thought it their duty to encourage the inventor by 
granting him a subsidy which enabled him to reduce the priee. 

In 1851 the Mueseler lamp was allowed, along with others, to be used 
in lighting fiery mines until actual practice would permit of a judgment 
being formed on the relative merits of each system. 

At length, in 186-1, it was acknowledged that the Mueseler lamp wag 
the one whose employment presented the greatest security for the miners, 
and by a Ministerial Order of the 2Sth of April, of the same year, the use 
of it was declared obligatory in fiery mines. 

But the De|jartraent of Public Works having been petitioned since 
that time to decide upon the employment of new safety-lamps, of which 
several used mineral oil (petroleum), instituted, by an order dated the 
SOth of January, 18G8, a Commission charged to proceed with a oom- 
parative examination of these lamps and of those of which the use wu 
already authorized. 

This Commisaion, after numerous and lengthened experiments (see the 
account of these experiments, Vol. 31, pages 30G to 517, of the "Anualei 
Travaux Publics"), reported that the Mueseler lamp, fed with vegetable 
oil, is in every respect superior to all the others submitted to it« exami- 
nation. 

In consequence, it concluded that this lamp should be the only one 
admitted for the lighting of fiery mines, except the Mueseler- Uodin, the 
large Mueseler, and the Depu^'a or testing lamp. 
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Ab to mineral oila, the CommiEsion thought that by their nature, and 
the great variation in their composition, they were too dangerous for 
their use to be authorized in fiery mines. 

I can only endorse these conclusions, which appear to me plainly jus- 
tified, and I think it ray doty in consequence to propose to your Majesty 
to approve of them. 

The orders concerning the lighting of fiery mines being at present con- 
tained in several general and pro\'incial regulations, I think that it would 
be nseful to unite them in one decree only, in order to make the whole 
of them better appreciated, and thus facilitate their ajiplication, 

Tlie annexed decree having been conceived in accordance with the 
preceding remarks, I hope that yonr Majesty wDl deign to favour it with 
your sanction. 

The Minister of Public Works, 

A. Beernaert. 



Leopold II., Kino op the Bbloianb. 

To ALL PEEBEST AND TO OOUE, QBEETINQ. 

With regard to the Royal Decree of the Ilth of August, 1841, and 
2!lth of Jnne, 1844, and 7th of July, 1847, approving the laws concerning 
the lighting of fiery mines in the provinces of Hainaut and Li^ge ; 

With regard to the Articles 11 to 15 of the Royal Decree of the Istof 
March, 1850, relative to the lighting of the fiery mines of the kingdom ; 

With regard to the Ministerial Orders of the 29th AprU, 1864, de- 
claring that the Muesler type of Icunp is obligatory for the lighting of the 
said mines : 

With regard to the report of the Special Commission, instituted by 
the order of our Minister of Public Works, dated 20th of Januaiy, 18G8, 
for a ci^iniparative examination of safety-lamps fed by mineral and 
vegetable oil ; 

Considering that it i-esults from this report, and the experiments to 
which the different lamps have been submitted, that the Mueseler lamp is, 
amongst all others, the one which presents in actoal use the greatest 
security for the miners ; 

Considering that it is important to the safety of the working miner, 
and for the protection of the works, to put a stop to the employment of 
Mueseler lamps modified in form so aa to diminish their efficacy ; 

Considering that for the same motives it is desirable to prevent the 
the employment of explosive oils in the interior of fiery mines ; 
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Wiahing to reunite in a single decree the different statntw and regu- 
lations relating to the lighting of fiery loincB ; 

With regard to the laws of the 21st April, 1810, and the decree of the 
Srd January, 1813, npon mines; 

With regard to Article 67 of the Constitution ; 

On the proposition of our Minister of Public Works, 



We hate decreed ajjd do decbbb : 

Aktici.b 1. — That no other than the Muesiler type of lamp, fed with 
vegetable oil, conforming to Fig. 1, Plate XIX., joined to the 
instmctions annexed to the present decree, Ijc permitted to be 
need in lighting fiery mines. In order to fucilitate the employ- 
ment of this lamp, it may be varied according to the modificationa 
indicated in the iuatmctions by the letters A, 6, C, D, B, F. 
Fig. 2, Plate XIX. 
Abticle 2. — No other appuratus or mode of lighting will be allowed 
without n prior authorization of our Minister of Public Works, 
except as fellows : — 
A. — The agents appointed for the inepcctiuii of the works, and who are 
not employed as workmen, can make use of the MucBcler-Godin 
lamp, with interior glasa, simply supported without a protect- 
ing gauEc or bottom BupjMrt. Fig. 3, Plate XIX. 
B. — For the fijed lighting of shafts and some honging-on places, ven- 
tilatiid by pnrc air coming direct from the snrfacc, the mining 
engineers can permit the use of lamps of the Mucseler design 
of A larger size than the type, fed by vegetable oil. Pbtv 
XX. 
C— The chief mining engineers can, in any particular caee, permit 
provisionally mining engineers, overmen, back overmen, and 
deputies, the use of the lamp called the Deputy's or testing 
lamp when made of the prescribed dimensions, with a doable 
gause of at least 1,451 meshes to the scinare centimetre, the 
metallic thread having a diameter uf 01 inch. (No. 30 wire 
gauge of Liege, or No. 30 English gauge), 
Abticle S. — The eafety-lam]ui must be mode to lock, and when nut in 
use remain deposited in the lamp house. Special agents most 
take care to see that each lamp is of the typo admitted or 
tolerated by the Administration uf Minefi; they are besides charged 
to examine them and cause them to be cleaned eacli day and 
maintained in good condition by experienced workmen. 
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Ahticlb 4. — At the time of deacynding, a lamp is to be given to each 
workman, who must assure himself thnt it is locked. 

Article 5. — The lamps which go out in the mine must be sent either to 
the surface, or to some place in the mine, where they are to be ex- 
amined, re-lit, and re-locked by men espresaly charged with this 
dnty, and under the supervision and direction of the overmen and 
deputies. 
The stations where the lamps are to be re-lit are, at the instance of 
the inspecting engineers, fixed by colliery engineers entered in the 
standing orders of the mines, in conformity with Article 81 of 
the Act of March 1st. 1850. 

AaxiOLE 6. — It is strictly forbidden to open lamps in any part of the 
mine excepting in the places appointed by the management. 

Article 7.— Every workman who carries an unlocked lamp, or any 
instrument by means of which Mb lamp can be o]jened, is to be 
ireimediately taken in chai-ge either by duly-sworn special watchmen, 
or by the officers of the mine, or by the local iwlice, and the parti- 
cnlai-s of the offence committed to writing. 

Article 8, — It is forbidden to smoke in the mine. Every miner who 
carries a pipe, steel, or match, or any other article with the object 
of obtaining a light, is to be dealt with in accordance with ai-tide 7. 

Artici.B it. — The tflrm fiery mine is applicable to those places which 
come under Article 81 of the Act of March 1, 1850. 

Article 10. — When fire-damp appears in a drift or level in sufficient 
quantity to cause a continuous lengthening of the flame in the 
lamps, work must be immediately suspended until the danger has 
passed away. 

Artici.E II, — All objections which may be m-gcd against the carrying 
ont of these laws, as well as petitions for delay in putting them 
into execQtiou, must be addressed to the pennancnt deputation 
of the Provincial Council, who will decide upon them after having 
taken the opinion of the chief mining inspector. 
Appeals against the decisions of this tribunal, whether they are on 
behalf of the Guvemment engineers, or od behalf of the proprietors 
of mines, must be addressed to our Minister of Public Works. 

Article 12.— A pattern lamp of each of the systems permitted or 
tolerated is to be deposited at the Department of Public Works as 
well afi in each sectional bureau and mining district. 
In all that concerns the dimensions and forms of the essential parte 
of the lamps, the instructions annexed to the present decree must 
be strictly conformed to, 
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A snffideut immberof gauges to ascertain the number of meshee and 
tbe 817* of the wires in the metallic gauMS will be placed ut the 
disposal uf the mine offii-ials. 

Article 1 :!. — Infractions against the provisions of the present decree are 
verified, prosecuted, and judged conformably to Code X. of the \av 
of the :!l8t April, 1810, relating to mines, minerids, and quarries, 

AkticIiE 14. — The present regnlations must be affined by the directors 
or piijprietora of fiery collieries in a place auccBsible to the work- 
men. 

AjtTiCLE 15. — The orders relative to the lighting of mines contained in 
the Royal decrees aforesaid, of the 11th August, 1841, 29th Jnne. 
1844, and 7th July, 1847, and in the Ministerial Order of the i'9th 
April, 1864, are repealed. 

Our MiniHt€i- of Public Works is charged with the canying out of the 
present decree, which will be inserted in the " Moniteur," as well a« the 
instructions al>ive mentioned. 

Given at Brussels the 17th June, 1871!. 

Leopold. 

Bil tht Jiiag .- 

7"** MinitUr of Pahlir Work,, 
A. ItECHN.lKKT. 



LiOHTiKG OK Fiery Misem.— IssTRtrcTioxH AxsE-tED to the Royal 
r>ECBKB, Junk 17th, 1876, 

I, — Mucseler pattern lamp. Fig. 1, Plate XIX., dimensions and forms 
of the eaaential partv. Drawing Ku. 1, A. — Olaas cylinder, furnished at 
its ends with lut^toliic ring sockets, tlic upper socket covering the edge 
of the horiajntiil gauze: — 

Bitcrior ilinuiuttT ... S-364 iiicliu. 

Thlekiiw -S16 „ 

Height, iiicliHliiii; lower tucket luit more tbmi . 2't43 ,. 

B. — Inside diiumcy of thin iron. Conical tube widened into a bolt- 
shape at the base ; — 



Interior dUmi'tcr a 



th>l 



Do. >t the 

not luon: thui . , 
I1(ri)(ht uf t)mt inn irf t 
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Height of the part of the chimiipj- under the horizoiitui 

gaazc, compriBing the bolt-vidctung at the base 1063 incht'ii. 

Heif!:ht of the bcU-widening at tho base -2.SG „ 

Distance from the base of the chininej to the top of the 

wick tube -866 „ 

C. — Cap of wire gauze ; a closed envelope of cylindrical form bot- 
mouiitinff the glnaa : — 

Height i 29-1 inches. 

D. — TVire ganzes (of the cap and the horizontal gauze) made with 

wires of at least '013 of an inch in diameter, with a minimum 

of [I2S meahes to the aquare inch. 

With the view of ieasening the diiBcultiea which would present tbem- 

selveB in practice by the rigorous observance of the diracnsiona ordered 

in the foregoing, the following margin is allowed : — 

A. — For the exterior diameter of the glass 'OS!* of an inch more or 

less. 
B. — For the thickness of the aides of the glass '019 inch more or 

less. 
C. — For the length of each of the parts of the ehimnej taken from 
the horizontal gauze as well as for the distance which separates 
the base of the chimney from the top of the wick carrier, 
■078 inches more or less, 
The chimney is only limited in height from the horizontal gauze in 
order to fiioilitate the examination of the roof of the workings for fire- 
damp. 

D. — Suppression of the bell-shaped widening at the base of the 
chimney, which must not in this case exceed l'02i inches in 
the lower diameter. 
B. — For the height of the gauze cap -157 inch more or less. 
F. — Reduction of tlio diameter of the wire of the gauze even to 'OOa 
of an inch when the number of meshes attain or exceed 1,451 
to the square inch. 
II. — Drawing No. 3. — Mneseler-Godin lamp, for overmen charged 
witli the superintendence of the works, and who are not employed as 
workmen. Fig. 8, Plate XIX. 

III. — Drawing No, i. — Mueseler lamp, large size, for the fixed light- 
ing of shafts, etc. Plate XX. 
A. — Cylindrical glass. 

Eilerior dJMueter 2 SSI in 2-758 iuches. 
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B, — Conical uhimiiej :- 

Diamet«r at tbu top, muimuiu ... ■691 incbiw. 

Do, atlhebtisc do. ... ... I'379 ,. 

Height of the purt above the horizontal gauze at leaBt 8"540 inches, 
when the ineau ol' the diameters at the Cop and at the base docg not exceed 
■ 788 inches, and '393 inches ol' increase of height for each -OSS inches in 
diameter, ivhich shall be in ei:ceB8 of tliis mean. 

Tt fnllowB, therefore, that for the maximnm diameter of '591 inches 
at the tiip, and of 1*379 inches at the base, the height of the part of the 
chimney abore the horizontal gauze should be at least 5*516 inches 
5— ^788v_ - 
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Height of the part below the horizontal gauze, to be at least equal 
to half the distance of the said gauze from the top of the wick carrier. 

Tn takinR the caw of a lamp furnished with n glass of SiHO inch^ 
in height, and pravided with a wick tube elevated *945 inch above the 
lower edge of this gloss, the distance (rom the base of the chimney 
to the horizontal gauze ought to be ut least half of 2*995 indies, or 1'197 
inches. 

C. — Wire gauzes. 

The same gaitzes as for lamps of ordinary make. 

In order to prevent the horizontal gauze of tlie cap becoming quickly 
impaired by the heated air from the chimney, the latter can be furnished 
with a thin iron apparatus (sec the platej designed to break the current 
of warm air a little beneath the said gaoze. 

The drawing No. 4 before mentioned represents a lump of the 
maximum form, in accordance with the dimensions given alwjvc. 

The lamp may Ito advautageoiisly provided with a reflector and a 
feeding reservoir at a constant level. 

IV. — Construction and maintenance of lamps. 

Lamps shonid be constructed and maintained with care. Their 
different parts should be well fastened into the framework ; the cap or 
ontside covering of wire gauze should fit exactly to the glass, which 
should fit perfectly on the resenoir. 

The custom adopted in many mines of numbering the lamps, and 
Bflsigning every day to the same workman the same lamp, not only aaaures 
their good preservation, but realizes an excellent check on the numbers of 
the people in the works. It is important also for the maintenance of the 
lamps in good condition that they be kept in repair by a well-qualified 
lamp inapeotor employed at the colliery, and not given to a lamp contractor 
to keep in order. 
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The drawing No. 1 gives the proportions of the pieces geuerally 
adopted in the basin of Li^ge ; the drawing No. 2 those more particularly 
in use in the basin of Hainaut. 

Besides the instructions before mentioned, the following recommenda- 
tions may be made : — 

A. — The reduction of the diameter of the chimney at the top. 
This reduction augments the safety of the lamp especially in inflam- 
mable currents travelling at a high velocity. 

B. — The employment of the cone of wire gauze touching the chimney 
a certain height above the horizontal gauze, and being fitted 
on its lower edge to the circumference of the gauze (Joassio 
arrangement). Figs. 1 and 2, Plate XXI. 
0,* — The isolation of the wick to the interior of the lamp by the Oodia 
cone of wire gauze, apriiiging from between the glass. and the 
lower socket, and entering, a tight fit, within the thin sheet iron 
eliimney. Fig. 3, Plate XXI. 
The sample uf the Mueseler-Joasain lamp, which, during the numerous 
experiments made by the Commission, presented such a superior degree 
of security, hat! ■334 inch diameter at the top. 

D. — The isolation of the wick by an interior glass, whose lower edge 

fits into a space sepai'atcd by wire gauze, and the upper jmrt 

of which fit« by friction inside the thin iron chimney cut off at 

its base (combined design of Amonld and Godin). Fig. 4, 

Plate XXI. 

The examples of lamps with the flame isolated to the interior of the 

glass, which, submitted to the experiments, have given results relatively 

favourable, had 'SSI and -354 inch diameter at the top. 

V. — Eapid currenta of aiv. These currents are particularly dangerous 
when their action manifcHts itself by the crushing of the flame upon the 
wick. Indeed, the relative security of the Moeseler lamp does not depend 
alone ftn the smallucsa of the section of the chimney, especially at the top, 
or on its height, but rests essentially in the regularity of the draught. It 
is also to be remarked that when by any cause whatever the supply of 
air happens to reverse in the interior of the lamp, a circumstance which 
shows itself by the crushing of the flame under the chimney, the 
inflammation of the gas extends itself with the greatest &cility into the 
upper cap. 

• Tbc Kiainplis C and 1) are recommended for lighting certmn dangerooa workings, 
and especially where there is nnj danger of tha breaiuige of the glass. 

B and C are couneil orders, notably for the lighting of workings with a sharp ven- 
tilating ciirrcnt and much dust. 
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Tho respoiiBible agents of tbu cullicrieB ought to watch ttiaTu 
men haudle the lamps with prudence, aiid that tbej do not expose them 
cither to coaensstoD or irregular motions. They should Itc held as much 
as possible Bheltered from rapid currents, particularly currents producing 
a strong vacillation of the flame. 

Apiirt from the esplosions which occurred during the experiments made 
b; the cummiasiuu iu an inflammable mixture muring at a high velocity, it 
suflic'ca here to record that when this speed equalled R'S-IO feet per 
second tlie gas almost always continued to burn under the horizontal 
gauze. 

VI. — ^The Commission insiste on this important point, that the Mueseler 
lamp, in every way superior to the Davy and other apparatus of the same 
kind, presents, nevertheless, like all other so-called safety lamps, only n 
relative security. It is then, in fact, only an auxiliary appuratus, necessary 
in fire-damp mines to complete a state of security which should depend 
princi]]ally on active ventilation and a good laying out of the workings. 

It is to be obser^'ed, further, that variations iu the temperature of the 
air at the sai'face and in the atmospheric pressure can exercise a disaetrgns 
influence on this security. It is expedient that each mining centre should 
be provided with the proper instruments to ascertain the state and tem- 
perature of the atmosphere. The uflicers of the mines will indicate the 
position where the barometer and thermometers must be placed, and the 
nature of the observations to be taken every day. 

Approved to be annexed tf> our Decree of the ITth June, 187(1. 

Leopold. 

Sf lit Sing .- 

nr MUhUr 0/ PMie Worl; 

K. nmnxixriT. 
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tncc or Mr. Saivyer, the Secbetaet then read that gentle- 
"Notea on the Mucselcr Iiamp." 




NOTES ON THF MUESELF.H LAMP, 



NOTES OX THE MTJESELER T.AMP. 



Hatino had daily practical experience with the Mueselcr lamp in the 
collieries In his district, the writer thought that a few remarks on its effi- 
ciency under ordinaty circumstances wrmid be useful to the members of 
this iDBtitutc. 

This lamp was invented by a Bclgiau mining engineer, the lat« Mr. 
Mneaeler, in 1840. It was examined by several Royal CommigeionB, 
which, after careful and prolonged trials, found and declared it to be in 
all respects superior tu every other, and to present the greatest amount of 
security. 

Thereupon an Act was passed in 1876 making the use of the Mueseler 
lamp coinpiilaory throughout all ooal mines. 

The seams of North Staffordshire vary much in their inclination in 
different localities. The dip of the seams varies from the vertical to the 
horizontal. Many are very fiery. The "gas" which they produce is of 
very varying comiwsition, judging from the odour and behavimir in the 
lamp. The presence of olefiant gas, a constituent of fire damp, is disputed 
by many, but the writer believes it to form more or less a part of tlie con- 
stitution of fire-damp in North Staffordshire. 

Olefiant gas or ethylene (CjHJ differa from marah gas in being a 
hydro-bicarb' J nate. Its specific gravity is '9688; it is transparent and 
colourless, has a faint, Hwcotisli, alliaceous odour, is very inflammable, 
and bums with a white luminous flame. It ia inflammable at a mild red 
heat, and causes a much more powerful ei[)losion than nuirsh gas. 

Bishof found 16 per cent, of olefiant gas in fire damp of the lias 
formation, G per cent, in that of a " blower" at Wellesweiier, and 2 per 
cent, at Gerhard Colliery. He, therefore, defined fire damp as a mixture 
of marsh gas (CHj), olefiant gas (C^Hj), hydrogen, and carbonic 
anhydride (CO,). 

The fire damp in some of the seams invariably possesses the odour of 
olefiant gas. When elevated towai-ds it the Mueseler lamp shows a 
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"cap," and then immediatelj goes ont with a sharp noise, before the 
Davy ahowB any eign of gas. On a closer approach with the Davy the 
gaa fires in it, and burns with a. whitish flame. When this odonr was 
lew strong the writer has been able to fire the gas iTi the Mncscler lamp 
without its going ont, by elevating it i\itb care. In gas in which this 
odour is not perceptible, the Mueaeler lamp on being elevated is first 
8nmionnt«d by a diBtinetly-shaped cylindrical blue flame, which loses 
itself in the chimney and then goes out. If carefully lowered, however, 
it will retain its flame, 

The Mueseler iB the most delicate lamp for detecting gas in the air 
currents. It shows a blue anreola or "cap" in jilaces where the Davy 
shows none, thereby discovering a smaller percentage of gas than the 
latter. This is no doubt due to the steadinese of the flame jiroduccd by 
the rcgnlarity of the draught, but also to the flat wick, which is easily 
movable by means of a broad pricker. A good deal also depends on the 
quality of the oil, as with pure vegetable ui] the flaTne can be lowered so 
as to remove the luminous envelope and leave the pale blue portion of the 
flame only. Mineral oils should nei-er be taken nnderground j in Belgium 
it was found that they lessened the safety of the lamp, and arc prohibited. 

The writer has detected small (juantities of gasiu pot holes into which 
the Mueseler could only just be introduced, and where the Davy did not 
disclose any. The |}ot hole being high, the Davy could not be tilted for 
the purpose of bringing the flame to the gas ; but in the Mueseler, owing 
to the current which is set up, the gaa was brought to the flame. 

Of all the lamps known the Mueseler is the one that gives the best 
light. The steadinesss of the flame remains nnaltered by the veloci^ of 
the air in returns, where it can be lowered to a pale blue flame, when a 
Davy would be (lut out. 

The sensitiveness of this lamp is often exaggerated. It rcquirea s 
little more care in handling than a Davy, an obligation which is highly 
beneficial, for if tilted to one side it goes out, owing to the prodncta of 
combustion mixing with the air, and thereby saves the glass. 

The fact that the flame of an explosion travels towards the incoming 
air rather than along the return is well exemplified in the Mueseler lamp. 
If the outer gauze is removed, and the lamp placed in an explosive 
mixture, the explosion will not be communicated through the chimney ; 
it will be checked by the horitontal gauze and go ont. The writer found 
this out unexpectedly one day; having forgotten the outer ganse, he 
placed the lamp in gas, with the above result. The reason the flame 
travels apparently in the direction of greatest resistance is that it seeks 
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the air acceBBarv for its existenc^e. He has also seen the outer gauze 
removed, and the lamp exposed to a current of gas travelling 11 feet per 
second, without commiinieating the flame. The gas went on buruing 
below the horizontal gnuze for four minutes when the experiment waa 
stopped. This shows that in oi'dinary caaes, even if the outer gauze is 
injured, the lamp is still safe. 

Complete extinction of the flame and gas takes place in eurrents not 
aurpasaing a velocity of it'84 feet. If the velocity of the current increases, 
the flame goes out, but the gas goes on burning underneath the horizontal 
gauze for some time. Ignition of the gas within the outer gauze takes 
place if the draught by some reason or another is reversed just before iU 
anival. The writer never yet saw the gas fire within the outer gauze in 
the pit. The typical Mueseler lamp which he uses was made by Messrs. 
Mulkay Brnthers, Outre-Meiise-Li^gc. It weighs 2^ lbs., cost 4s. Od., 
and gives the greatest satisfaction. 

For the work of inspection a simple Da^-y should be used as well as 
the Mueseler, as for that purpose both have their uses. If firemen are 
equally provided, knowing the properties of each and using them accord- 
ingly, they may be considered safely and efiieiently provided for their 
work. Several coUieries in the district have adopted this plan, and the 
tiiemea all Bpcok iu favour of it. 

In seams in which "blowers" are likely to be met with, or which are 
fiery, eimple Davy lamps at the face are very questionable. The recent 
explosion at Leycett, which was due to the gas lighting at the only Davy 
lamp at the face, has shown tliis more strongly. All the other lamps 
were Tealu's, an imitation of the Mueseler, which resembles it in going 
out in gas. 

The following modifications of the Mueseler lamp, though not classed 
amongst those authorized in the Act, are, nevertheless, highly approved 
of. These are :— 



1. — The Mueseler-Joaasin lamp, in which the chimney is supported, 
as shown in Figs. 1 and 2, Plate XXI. It is particularly 
applicable in strong currents, where much dust prevails. The 
top end of the chimney should be ■334 inches in diameter. 

2. — Another variety of the SIueseler-Godin lamp, Fig. 8, Plate XXI., 
having an interna! gauze between the flarae and the glass. This 
lamp and the next are hignly to be recommended where there 
is a possibility of the glass getting broken, as they are doubly 
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3. — The MueHeler-Arnuuld-Godiii lamp, which differs from tJie 
Mueseler-GoUin, Fig. 4, Plate XXI., in having the support 
or the internal glaaa cylinder suironnded with gauze. The 
top eod vf chimney should be from '8S4 to '3G4 inches in 
diameter. 
In concliiEion, it is advisable to lay great stress on the fact that the 
MueseleP, as well ae all so-called safety lamps at present known, only offer 
a relative amount of security. Tliey are, therefore, only auiiliaries neces- 
sary to complete a state of secnrity mainly dependent on ixjwerful venti- 
lation and good disposition of workings. 



Air. AsHWOETH said, in reference to Ur. Sawyer's snggestion that a 
fireman should carry both a Maeseter and a Davy lamp, that one of the 

principal objects he had had in view in contriving his modification of the 
Da\7 was to pliio! in Ihehaudaof amineralampwhich wouid combine the 
advantages of the Davy with those of the Mueseler. 

Mr. T. Lci'DSiY Galloway had much pleasure in proposing a vote of 
thanks to Mr. Sawyer. Ho thought that the fact of that gentleman having 
himself used the Mueseler lamp underground for a considerable time gave 
an additional value to his paper, as there were other ])ointfi besides the 
velocity- teat which could be best ascertained by personal observation in the 
mine. 

Mr. CooKii: seconded the vot« of thanks, which was imauinioosly 
carried. 



Mr. Jauks Asbvobth then read a paper on " Improved Safety-Lamps 
of the Davy and Mueseler types" : — 
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IMPROVED SAFETY-LAMPS OF THE DAVY AND MUESELER 
TYPES. 

By JAMES ASH WORTH. 

The ioiportttnce of having a f:ix»d aiid it'lialilc Bufetj-kiiip, coitibiiicd 
with a simple yet secure loci, has been for mauy years patent to all mera- 
berB ol' the mining community nho have studied the subject; audit isuot 
a little curious to note that until a lew yeara ago pcreons having no prac- 
tical knowledge of tlie working or requirements uf a coa! mine were those 
who pointed out the insecurity of the Davy aud other safety-lamps, and 
who endeavoured to produce more reliable lamps ; but now, thanks to the 
information disseminated by Mining Institutes, aud this Institute in par- 
ticular, many alterations Jiave been made by their members to improve the 
construction of what may be termed our three standard lamps, viz., the 
Davy, the Stephenson, nnd the Clanny. 

The lamps that ha^'c received the writer's greatest attention are the 
Davy and the llneseler, and it is proposed to give a description of some 
suggested improvements in the construction of these lamps and the tests 
to which they have been submitted; aud further, to place any part or all 
of these suggested improvements, none of which hare been patented, at 
the service of any one who considers that they are worth adopting. 

Tlie first lamp is called the Ashworth and Woulrych Jack Davy lamp, 
Fig. I, Plate XXII., and consists of an oi-dinary Davy lamp gauze of 
1 gtli inch in diameter by about o inches in height, the lower half of which 
is surrounded by a cylindrical glass shield ; inside the cylindrical gauze is 
an arrangement similar to a Mueseler lamp, the metallic chimney being 
replaced by a cylindrical wire gauze Jths ol" an inch in diameter by ] J 
inches long, terminated by a thiii cupper or tin bell-mouthed cyhnder of 
about one iucb long, to which a horizontal gauze, levelled on its outer edge 
and in close contact with the outer cylindrical gauze, is attached; the 
whole of this arranfrenient is supported by two thin brass standards to 
maintain it at a proper height above the wick flame, 

A gauze ca]> may he ndded to the outer cylindrical gauze where the lamp 
is liable to be exposed to ventilating currents moving at high velocities. 
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and in such a caae the cap should be of suQicic^ut leugtli to euter the 
glaas shield to tlie eitent of half an inch for the reasons stated hereafter. 
The writyr has used a lamp of this descriptiou but witliout the ^iize cap 
and the thin metallic c]'linder meutioned above, iu the pit for some time, 
and found he could carry it with comfort iu places where no Davy lamp, 
even when protected by a man's i-ap, could sUind to give more than a 
miserable ray of light. The same lamp was t^'sted by Sir. ttmethurst and 
the writer at Brynn with au esplosire mixture of air and pure fire damp 
from the Wigan six or niue feet mine, iu a velocity commeucing at 580 feet 
per minute, and in fbur-aud-a-half miuutes the glass shield wua completely 
cracked butdiduotlall away J tlic velocity was tbeu iucrcused and decreased 
and the proportions of gas and air were varied, but the flame was not . 
passed in fourteeu minutes whua the test was suspended. The outer gauze 
was mode uf iron wire, of 28 meshes to the inch, and tiie inside gauze of 
bnisB wire, of 36 meshes Co the inch. It wan found, on examining the 
lamp, that the nature of the braes wire was completely destroyed on the 
i-etum side, and crumbled away when taken out ib/ examination. 

It appeared evident from the result uf the above experiment that the 
parts of a safety-lamp, which have tJ} sustain tbe effects of the eombustion 
of explosive mixtures of Arc damp and air, ought to be made as small aa 
possible in their cubic contents, but to decide this point more conclusively 
other tests were made, tbe results uf some uf which, on the Davy type 
of safety lamp, with standard gauzes of 2S meshea to the inch, are given 
below : — 
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A Davy lamp with a Jths diameter of gauze of 86 meshes to the inch 
was not tested, although it is important that it should be, becauHV Sir H. 
Davy says " that tbe ratio of the combusliliihty uf the dilfereut giisoous 
matters is, to a certain extent, as the masses of tbe boated matter required 
to inflame them. Thus an iron wire of ,\,th uf an inch in diameter heated 
cherry red will not iuflame uletiant gas, but it will inflame hydrogen gw; 
and a wire of Jtb of an inch in diameter heated to the same degree will 
inflame olefiant gas, but a wire of xJgth of an inch iu diameter must be 
heated to whiteness to inflame hydrogen, though at u low heat it will 
inflame bi-phuspburetled hydrogen gu; but a wire nf yplh of an inch in 
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diameter, heated even to whiteness, irill Dot inflame mixtnreB of fire damp 
and air. A tissue, which will not interrupt the flame of hydroyien when 
red hot, will stil! intercept that of defiant gas; and n heated tissue, which 
would commnnicate eiploBion from a mixture of olefiaiit gas and air, will 
stop an explosion from a mixture of fire damp or carburetted-hydrofren." 

It may therefore be conchided that the test of the Aahworth and 
Woolrych lamp fully bears ont in practice what is stated above, and that 
the reason for the lamp holding out so long arose, in the first place, from 
the force of the current Iwing broken by the outside gauze mid glass cylin- 
ders ; in the second place, from the small diameter and cubic contents 
of the inside gauze cylinder ; and in the third place, frtjm the resiatancc 
ofi'ercd by the fine wire of the inside gauze cyhndcr. 

It was thought by one gentleman that if a certain proportion of air were 
admitted into the lamp below the wick flame, as in the Stephenson lamp, 
beneficial results might be expected, and he had ii lamp altered accordingly; 
but when tested with an explosive mixture of illuminating gas and air, 
moving at a velocity of 570 feet per minute, the result was not oncoiuaging 
US the glass broke in 3 minutes 40 sccouds, and in 7 seconds more the 
flame passed through the single gauze where the glass previousiy pro- 
tected it. This result is to be attributed to the fact that the combustion 
of the gM in the lowest and weakest part of the lump was greatly increased 
by the explosive mixture entering below the cylindrical glass shield, which 
was thereby exposed td a very high temperature, 

AHer making some of the foregoing tests at Brynn, experimente were 
made on two of the Protector Lamp Company's Jack Davy lamps, Fig. 2, 
Plate XXII., both having cylindrical glass shields: — 



Velocitj - 565 fwt ]igr ii 



titiloded in 



These results led to an investigation into the cause of the difference in 
their staying powers, and experiments were then made with Davy lamps, 
in which the ordinary gauze cap was lengthened so that the cylindrical 
glass shield overlapped it to the extent of a quarter of an inch, with the 
following results: — 



VelcwitJ = 4i0 foot per 



; eiploded in iZ it 



The gauze caps were then lengthened so that the cylindrical glass shield 

overlapped it to the extent of half an inch, with the iolluwing results: — 

Talocitj — 500 ieoi per minute ; did ugt eiplode in 3 niiinit«s. 
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The eiperimenf^ made at Brynn proved most conclnsively tbat ft 
rylindricBl plasa ehield is the only shield which adds to the safety of ft 
Dary lamp, and then only when the ganze rap is made »> lon^ as to enter 
the shield t" the fxtent of not less than half an inch ; and the renam for 
this is, that the shield redtices the cubic contents of the lamp BTailablc for 
the oimhnption of an explosive mistnre, and also hecanue the part of the 
lamp Bboi'o the plass shield is proteotwl by a donhle thickncaa of ganze, 
which thus increaBCB the depth of the opcrturefl without adding to their 
area, and breaks the fon« of the current. In making- this investigation 
the writer was materially assisted by Messrs. Walter Topping and U. E. 
Dickinson, the former Iniing so well satisfied with the value of the teats 
that he altered all the Davy lamps under his charge accordingly. 

Before closing these remarkB on the Davy lamp it would bo well to 
mention that the lowest velocity of an explosive mixture of fire damp and 
air. in which the flame passed the gauze at Brynn. was 420 feet per 
minute, and that an exposarc of three minntos in a velocity of 400 feet 
did not pass it; but whilst making some experiments in North Stafford- 
shire with illuminating gas, the flame passed the gauze in one case in 
seven seconds, and in another case in twenty seconds, in a velocity of 
870 feet per minut«, when the mixture consisted of Bambnry coal dust 
licked up from the floor ef the experimental tube bj the velocity of the 
air, with the addition of one cubic foot uf gas to every 5C cubic feet of 
air. The gaa was measured by an ordinary gas meter, but as the result 
had the appearance of inaccuracy, further tests were made, out of which 
the following, by Mr. R. W. Oswald, assistant to E. W. Wilkinson. Esq., of 
the Harecaatle Collieries, are quoted : — 

The eiqierimenting tube, which is 20 feet long, 12 inches deep, and G 
inches broad, was covered on the bottom to some extent with Bambmy 
coal dust and 8 cubic feet per minute of illuminating gaa was mixed with the 
air, so as to give a total velocity of 370 feet per minnte, as measured by s 
Dickinson's anemometer: Ihus the projtorlion was 1 cnbic foot of gus U> 
2.11 25 cubic feet of air. or 4-82 percent, of gas. Thismixtnre was further 
tested by Ansell's fire-damp indicator, to check the accuracy of the melor 
measurements, and, as will t>e seen by the detailed results, the met«r and 
the indicator agree very nearly — 
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What IB experiraentallv the lowest velocity of this mixture, and also what 
is the lowest percentage of gas in such a miiture that will pass the flame 
through a Davy lamp, cannot at present be stated, as the eiperiments are 
not yet completed. 

Mr. Galioway, in his recent experimenta, proved that a mixture of some 
coal dusts (not all) and air, at the ordinary pressure and temperature, 
become infiammable when '81)2 per cent, of fii-e damp is added, and it 
then burns with a red smoky flame. If a mixture of one part of lire damp 
to oli parts of air, with the addition of Bambury coal dust, turns out on 
further experiments to be a mixture that will in a very few seconds pass 
flame through a Davy lamp in the low velocity of 370 teet per minute, 
the necessity for at once replacing it by a proper lamp, cannot be questioned. 

The next lamp is of the Mueseler type, conforming as far as possible to 
the rules laid down by the Belgian Oommission on Safety-lampa, and 
differing only in the details of, and additions to, ita consti'uction. In 
making alterations and testa on this type of lamp much labour might 
have been spared had a copy of the report of the Belgian Government 
Commission on Satety-Iamps been obtained at an earlier dat« ; however, 
the chief of the Belgian Mining Department, about eighteen months ago, 
fevonred the writer with printed copies of the report and decree (in 
French), which have been translated by Mr. C. G. Jackson, Wigan, and 
inserted in the Transactions. The details of each series of experiments 
have been somewhat abridged, but any member who wishes can obtain 
these details in full by referring to the Belgian Safety-Ump Report of 
the 20th of January, 1 8G8, now in the library of this Institute. 

The constniction of the lamp is as follows. Figs. 1 tu 6, Plate XXIII.: — 
Cylindrical gauze of 32 meshes to the inch, with a bevelled copper or 
iron ring rivetted to ita bottom edge, which ensures a better and more 
secure fit than the ordinary English mode of simply bevelling the ganze; 
this ring also clips the top part of the cylindrical glass. The ordinary 
cylindriea! glass is replaced by a glass in the form of a truncated cone, 
which gives increased strength with less liability to breakage, — 

Firstly — Because abevelled face is presented in almost every direction 

to resist accidental blows. 
Secondly — Leas i-isk of fracture from variations of temperature. 
Thirdly — When iractm'ed, less liability to fall to pieces. 
Fourthly — The cubic contents are reduced almost to a minimum. 

The horizontal gauze is of Ihe ordinary construction, but it is protected 
from currents moving at high velocities and from dnst by a thin metallic 
shield, which is crimped at its U)p edge with one-half of the pointo turned 
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inwards to touch the chiiunej, thus leaving only a limited epaoe for tbe 
admission of air, and at the same time forming a further support to the 
chimney; it also serves the object of bringing the intake air into close 
contact with the hottest part of the chimney, and snpplying it to the flame 
at a high temperature, thereby materially assisting the illuminating power 
of the flame. 

The chimney is made up of two parts, the bottom one being of glass, 
with the object of utilizing the rays of light which are lost in the ordinary 
metallic chimney, the top one being of the ordinary construction. The 
increased light obtained by adopting this form of chimney may be con- 
sidered by some to be more than counterbalanced by the addition of two 
more loose parts to the lamp, and a little increased first coat, and therefore 
it need not be confiidcred ae a necessary part of the lamp. 

This appendage to the chimney, called the chimney-pot, is designed 
for use where the lamp is exposed to very high velocities, to prevent any 
vacillation of the flame or reversal of the draught in the chimney, and 
these objects it fulfils efltctually. 

The oil reservoir is of the ordinary construetion, but is completely 
filled with sponge, to absorb the gaa oil ; and the opening by which the 
reservoir is filled with oil, is secured by a screw plug to prevent any of the 
gas escaping. The lock consists of a round bar X, as shown in the 
section through E F, with a grcKive cut in it about midway of it« lengUi 
(see tlie section through C D, Fig. 6} in which a louse ring Z is placed, 
having the same external diameter as the locking bar; and the end of the 
bar W, where it tonches the wick tube, is reduced in diameter. The 
loose piece G is hciagonal at the lower part and cylindrical at the upper 
part G', where it is reduced in diameter. TVhen the upper part* of the 
lamp, have been put together, the part H screwed up to secure the 
glass, etc., and the part G put into its position round the wick tnbe, the 
lamp is ready for lighting. When lighted and screwed together, the 
locking bar is pushed into its place, and the loose ring falls down as bood 
BS it passes through the part H, Fig. 6, and efiectually prevents the bar 
being withdrawn, the lamp being finally locked by n lead rivet or a pad- 
lock through the hole K. The lamp being thns locked, the wick flame 
can be reduced by unscrewing the oil reservoir about thrce-eightha of an 
inch, that is, until the collar on the wick tube I tames in contact with 
the end W of the locking bar X. Supposing that the lamp is tampered 
with, and the lead rivet or padlock is removed out of the hole K, the look- 
ing bar may be pulled out about three-sixteenths of an inch, that is anUl 
the loose ring comes in contact mlh the part H. and this will enable tbe 
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oil reservoir to bo completely unscrewed from the rest of the lamp; but 
as the part G will still remain in positJos, the light is extinguished bj 
asphyxia whilst pnesing through the part G. 

Gas-oil has biien adopted, because— firstly, ordinary burning oil will 
not pass up the lung wick tube fast euough to supply the flame; secondly, 
because it is infinitely cleaner than any other oil ; thirdly, the light is 
superior, and causes no soot; and fourthly, because smaller proportions of 
fire damp can be more easily detected than when colza or rape oil is used. 

Considerable objections have been raised at various times against the 
adoption of this class of oil for use iu safety-lamps, but the writer is 
coufideut that practical experience will show that its advantages sur- 
mount all its disadvantages, os, in addition to the above-nniued points of 
superiority, it is easily estinguished by conciission, so much so that if 
the glass is broken or fractured by a blow, the light is at once put out. 

The Belgian Goverameut Commission reported unfavourably on the 
use of petroleum in safety-lamps, but the application of the two oils is 
totally different ; for io the case of petroleum a highly inflammable oil 
is useil, which can be spilt on the gauze or other parts of the lamp, whereas 
in this case the sponge absorbs the oil, and there is none to spill; and 
again, when the tatter is used, the flame cannot possibly pass down the 
wick tabe or otherwiee iuto the reservoir. The only eare real!y needed 
to prevent an accident where this oil is used is io the filling of the 
lamps, fur, once properly filled and closed, no accident can occur. 

The ordinary oil lamp. Fig. 3, Plate SXII., ia of the Mueseler type, 
and called in Korth Wales the New British lamp. The chimney pot, the 
horizontal gauze shield, and a conical glass have been added to test the 
value of these additions to a lamp which does not couform to the dimen- 
sions ordered by the Belgian Guvemment, especially in the diameter and 
proportions of the chimney. 

The attention of the writer was first called to the importance of re- 
ducing the cubic contents of the glass cylinder of the Mueseler lamp 
when testing a small oil Mueseler, having a glass cylinder of 1'576 
inches internal diameter against the large oil Mueseler (Fig. 3), the 
internal diameter of the glass cylinder of which was r970 inches, the 
result being that the pressure of gaa could be discovered in places where 
no trace could be found with the Mueseler, Fig. 3. 

Thelaraps, Plate XXIII. and Fig. 3, Plate XXII., were tested in their 
complete forms, in explosive mixtures of illuminating gas and air, at 
velocities ranging up to 1,000 feet per minute, but without succeeding 
in igniting the gas under the horizontal gauze or in obtaining an eiplo- 
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BioQ. The iiigb temperature at which the muture is euppUed to the flame 
appears to have the greatest iufltienoe od the rapid aod quiet extinction of 
the flame. 

The writer is indebted to D. P, Morison, Esq., for the following details 
of hia testa on these lamps, made at Pelton on the ISth Kovember. 
J879:— 

Oil l»mp ,,, Velocity - W ft. per »ec. ; want oat in 8 leo. 

Giu-uil lamp „ i' 13^ „ ; continned burning over wick- 

iLime tititil f;lau cap ivu iiesrlj red luit. 

Die lunp appeari to itsnd the lest of the gas uell up to 10) ft. per wcond. 
To overcome the diflicultieB that arise from rigidly carrying out the 
Belgian nde for the proportions of Muescler chimneys where large wicks 
are used, the adoption of the form of chimney ehomi in the sketch, Fig. 
4, Plate XSIL, is suggested, which would enable a shorter chimney to be 
used with equed safety. 




Supposing that the dotted lines, No. 1, 3, 8, 4, in woodcuts U, U, and J, 
represent four currents of an atmosphere not actually eiplosive but whidi 
oontains sufficient gas to show a perceptible blue cap. Nog. 1 and 3 would 
be a considerable distance up the chimney in 0, and particularly in H 
before Nos. 3 and i could come into ecmtact with the wick flame and 
elongate it (as shown by the lines round the flame), and when the 
proportion of gss hail increased Bufficiently to eiplode, the current up tho 
chimney would be reversed and the carbonic acid gas contained in tbft 
chimney should extinguiab the flame, but as the No. 1 and 3 currents han 
already passed up the chimuey without iieingcoiivertvd into carbon icuciil 



1MPH0VB[) HAFBTY-LAMPr*. 15:1 

gas, this result would uot be fullj accomplished ; and ou the iu&ux of 
auotlier Tokiine of the explosive mixture, the aeoond explosion wouSd paas 
up the ohiinneyB of G and H iuto the lai^ gauze cylinder without 
hiadrauce, and in the course of & very few seconds cause an explosion of 
the outer atuiusphere. 

In the case of the J type of lamp, a separate Btratuia of gas could not 
esist past the point whore the bevelled part joins the straight part of the 
chimney j and as a larger percentage of the intake air impinges on the 
fiame than in the (i and K types, the tlame would elongate with a blue 
cap much sooner, and conseijuently fill the chimney with a sufBcient 
quantity of carbonic acid gae to extinguish the Same when the actual 
explosion took place, and thus preclude the chance of a second explosion 
passing up the cliimney. 

In Fig. 5, Plat« XXII., is a suggested alteration in the form of the 
Stephensun glass cylinder and cap, with a view — first, to reduce the 
cubic contents of the glass cylinder; second, to prevent the flame passing 
np to the tap of the lamp; third, to lessen ihe cost of the glasses; and 
fourth, to reduce the breakages. 

Up to this date there has been no opportunity to test the value of 
either E, F, or J suggestions. 

In concluditig tbia paper the writer wishes to call attention to the 
great want of standard types of each of the various safety-lamps in use in 
Great Britain; and to exemplify this he will take the proportions of the 
Mueseler lamp chimney, and compare the relation which the diameter of 
the top of the chimney btars to iU length ; — 

Belgiiin itamlard MueseUr .. -ASi in. at the top, by fGSS in. high. 

Goa-oil/Platc XXIII.) -394 „ 4-698 

Or<iiiiar>-oil(Pl-.tBXXIl.,Fig.3),.. -413 „ 4'000 



Compare the two extremes. The Belgian lamp has a maximum dia- 
meter of 'Sdi in. by 4'tl9fi in. in height, and, following the same rule, Mr. 
Williamsou's chimney should have been 6'0(J7 in. in height, whereas it 
was only S'743 in., and therefore 2'324 in, too short ; and it is not anr- 
prising to find that it passed the flame in a 10 ft. velocity in 14 seconds, 
and in a 20 ft. velocity in 11 seconds. 

This example is of itself sufficient to show that a standard is urgently 
required; but when it is found that the chimney and horizontal gauze are 
often removed from the large Mueseler, and the lamp taken into a fiery 
mine as a Cianny lamp, its importance is still further exem 
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Our Government, with a due appreciation of free trade, will not attempt 
to make the use of any particular lamp compniaory, but the time has now 
arrived when the thinking part of the miuiug commuuitj have a right to 
demand that safety-Iampa ehail bo made in a<xM>rduuc« with standard lyjux 
ouly, and that the making of them otherwise shall be an offence against the 
lasTs of this country, and punishable by such fines or otherwise us will 
secure their due observance. 



Mr. J. H. Mekitale stated, with reference to the Mueseler lamp, that 

it was always extinguished when slightly tilted on one side, and lie knew 
that in Belgium the minora frcrjuently left the chimneys of their lamps at 
bank for this reason. He would be glad tn know if there were any im- 
proved modifications of that lamp which would overcome tltat objection. 

Mr. D. P. MoRisoN stated, that he had been refjuested to take charge 
of the first experiments made with the improved Mueseler lampe in Ihia 
country ut Pelton in 18U8, in company with Mr. Amould, who had brought 
with him some of the lamps of the (Joverument type, the use of which is 
now mode compulaory in all the fiery mines of Belgium. Ho need bardlj 
remind the members that the Mueseler lamp was not found to possess any 
nncommon merit. Mr. Amould then contrived a liunp called the Muoaelor- 
Amould lamp, which answered very well, and would not explode unless ex- 
posed to a strong current in an exceptional way. With regard to the lamp 
Mr. Ashworth had Introduced to their notice to-day, he had seen it tested at 
Pelton, where it certainly could not be exploded, and he thought that after 
haling been simplified by some practical lamp-maker it would pmvu a very 
valuable and efficient lamp. When the discnwion Has renewed he hopod 
to be in a position to furnish them with further details on the lamps alluded 
to Bs well as on safety-lamps iu general. 

The Pbesidkn'T said, that with I'egaid to safety-lamps in general, he 
had an idea, founded ou his own expcrienee, that a Davy lamp was the 
safest; he certainly had never known it explode in practical use. 

Mr. AsHwuRTH thought that Mr. Greenwcll would modify his opinion 
when he reminded him that the September explosion at the Leycett CoUieij 
was proved at the inquest to be attributable to a Davy Ump iMtssing Uio 
flame ; if any doubt rested on this case he could ijiiot^' another and better 
autheutieated example of a Davy lamp passing the Hame given by Mr. 
Dickinson at a meeting of the Geological ISucicly at ilanchester. It was k 
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case where two men were working in an airway in a pit in the neighbour- 
hood of Ashton-under-Lyne when an outhui-at of gas occurred and met the 
men, and in epite of all their efforts the flame passt-d the Davy lamps ; both 
men were got ont aiive, but one died shortly afterwards. With regard to 
the reversal of the cciTeut in the Mueaeler chimney, and the occasional 
passage of the Hame through the horizontal gauze, the shield and chimney 
pot had been added in his lamps esprcssly to overcome these occurrences, 
and he was glad to find that experiments had proved that neither of the 
altered Mueseler lamps had passed flame. 

On the motion of the pREaiDENT, seconded by Mr. D. P. MoHtsoN, a 
vote of thanks was passed to Mr. Ashworth, and the further discussion 
vas postponed. 



The Secretary then stated that a few months ago he had sent some 
lamps to Mr. W, Armstrong to be experimented upon, amongst others a 
multitubular one invented by a. Mr. Howat, a drawing ol' which is given 
in Plate XXIT. 

Mr. Armstrong's report is as follows : — 

Jhm 18lk, 1H79. 

Two velncitiesworeobtaiufdin the trial boi of IBJand l7j fwt jier stcond, Ciiol 
(fEB »M iniied off in such jiroportioiisas toblow upthe Uavjs in tlirteaiidflvcstCDniii 
rc»)i«ctively j and the otbcr Umpa were enbjected to the same uiiiture aud the aame 

The Belgian lainp (hpwer) in every cuie was extinguiahed in three •eeoiids; it 
could not be blown up. 

The Belgian Deputj lamp was eitinguiihed in three aecondi, and two seconds ia 
the weaker current of 13^ feet per second. lu ■ former trial it was bloim ap, bat 
this result could never afterwards be attained. 

The Multitubular Utnp, Plate XXIV., is rer^ ymtted. It i» a xafe lamp, and u 
self-eitiiiguishing, but the air tubes are apt to get alightlj stopped by soot, and the 
cup ia aimply screwed on. lu pillar working, where the ur currccit is very weak, the 
lamp H'itl not burn ; and agun, in high currents it is unsatisfactory and is nffected 
by small movetnetits. 

The WUIialusoii lacap is safe and n-as eitinguished in two seuonds iit the 17^ feet 
per second current, and all attempts to blow it up were ineffectual. 

All these lamps have been in the hands of the overmen, the deputies, and the ordi- 
nary hewer. WillianisDn's lias the preference, aud the Tube lamp is disliked hy all. 
There is little or no objcetinn to the othci's as U< working !ani[)». 
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It U not inteudod bere to refer to tbc crmtitnictioD nf the Umpa, wbetber oaa or 
two glasi cyhnAen, ur »,ay otlier detail, in adviubU or not. but merd; to tbeir 
popubrit; witli tlio cl&sse< who have naod tlipiu. uiut to tiicir atandiiig tbe trioli to 
blow them up. 

Mr. A. L. Steavenson then stated that he hoped to be able to intro- 
duce Profensor Forbes, of Glasgow, to the next meetinj; to exhibit n new 
mode of ascertaining the presence of ver; small quantities of gas in the 
atmoEphcrc. 
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GENERAL MEETING. SATURDAY, MARCH 6th. 1880, IN THE WOOD 
MEMORUL HALL, NEWCASTLE-UPON-TYNE. 



E. F. BOYD, Esq., in thb Chaib. 



The Secretary read the minutes of the last Meeting and reported 
the proceedings of the Council. 

The following gentleman was elected: — 

Student — 
Mr. Charles James Mubton, Jesmond YiUas, Newcastle-on-Tyne. 



The Secretary then read the following paper, "On Liihrig's Method 
of Coal Washing," by Mr. E. P. Rathbone. 
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LtjHRIG'S METHOD OF COAL WASHING. 

The writer having recently visited, with his friend Mr. Lawrence, the 
coal-field of Ziiickau, Id Saxony, was much struck by the excellent methods 
of coai washing which he saw there, and thinking that a description of 
the same might be of some interest to the members of this Institute to 
which he has the honour to belong, prepared a paper, which, nith the help 
of his friend, he is now enabled to place before them. 

The information in this paper was collected from a number of sources, 
but principally from a paper written on the subject by Mr. Kreischcr, 
Professor of Mining at the Royal Mining School, Freiberg. 

The methods of ore dressing which were formerly exclusively applied 
to ore mining have latterly been apphed to other substances, especially to 
coal, which till quite recently was seldom dressed in any other way than 
by hand labour, which could only deal with the simple Bcparation of coal 
from dirt. Coal dressing by the wet way was scarcely ever employed 
formerly, and indeed was then hardly necessary, as the production of large 
coal perfectly sufficed tor the demand and gave the desired profits, eu that the 
small was either thrown away or left in the mine as useless, and any special 
hand separation was only employed in mines where the coal was particularly 
dirty. But as demand and wages increased, and the requisitions of other 
branches of industry, especially that of iron smelting, caused the prices of 
coal to rise according to their purity, beating power, and other qualities, 
the coal industry was forced, not only to supply a better article than 
before, but also to value that which had previously been despised. The 
demand for greater purity in the coal showed itself principally in 
the development of the coke trade, and the larger requirements of the 
iron industry. The value of the poorer qualities of coal became more 
evident as the prices rose, and this the expansion of the coke trade proved 
more tban anything else, as it was soon found that small coal, or smudge, 
made larger and more compact coke than large coal, which by itself always 
commanded a ready sale. Mines which were only working clean seams 
were of course little affected by this change, but less favourable circum- 
stances in other mines obliged the owners to make ei-cry effort in ordei' to 
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compete Batiafactorilr with their neighbours. Thus a flrst-raU; field for 
the development of coal washing immediately sprung np at auch mines, 
and it is caneeqiientlj amongst them that the b«st methoda of coal 
waebing in practice are found. The difficulties to overcome are not so 
great as in ore dressing as the specific gravity of the two substances to be 
washed (i.e., TS for coal and 2'3 for dirt) give a most favourable proportion 
for the sieves of the jiggers; but it is found necessary to construct slightly 
different jiggers to those used in ore dressing, because of the large amount 
of material treated by them at one time, which Qeceasitatea a continn&l 
action, working by hand proving insufficient. Good results are not bo 
easily obtained with the fine coal, namely, that ranging in size from -286 
inches ; the system of using depositing beds and jigging Iraraes as in 
ore dressing, only proved partly practicable for this purpose; for, although 
it was easy enough to obtain good results with depositing beds, jigging 
fraraea proved to be quite useless. Moat systems of coal washing are 
therefore reduced to the performance of three operations, namely, Ist, 
Classification of the coarser sizes by screens, etc.; 2nd, Washing the 
same on jiggers ; and, 3rd, Concentration of the fine mud in depositing 
beds ; this produced a reduction of the percentage of ash in the 
small only, as particles of dirt under ■03!)4 inches were deposited 
with the coal. The principal failiiig in all these systems was, not that 
they were not good enough as far as they went, but that they did not go far 
enough, that is, the degree of cleanliness was not carried to a fine enough 
result. Improvements in this direction had therefore to be studied, and 
they were first carried out in a decisive manner hy Mr. Liihrig, a renowned 
ore dressing engineer. Ho accomplished bis purpose by the adoption of 
specially constructed Rittinger Spitz Kaaten, better known to Knglish 
engineers perhaps as Rittingcr's grading boxes, and the well known Hartz- 
jigging machines. M. Liihrig did not hiinself invent any of the machinery 
in connection with his washing establishment, except certain scoop wheels 
attached to the jiggers described hereafter, praise being due to him solely 
for his originality of ideas, in adopting certain machines, with a suitable 
dressing plan, which by a long series of ex]»rtmeots he proved were best 
suited to the washing of coal ; and it is this system which is now very 
generally adopted all over Germany, is fast making its way into France 
and Belgium, and will not be loug before it makes its way into England, 
where with a few alterations it would be well suited to many coUieries 
where the coal is dirty and a large amount of small is made. In the 
following description of this system, fur the sake of convenience, the 
principal machines in connectioii with the plant will be first described in 
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detail, and then a full description of the combined plant and method of 
washing in general will be given, finiahing with a few Ht&tistics as to 
coBt, etc. 



I 



LUHRIQ'S PATENT CONTINUAL ACTION COARSE JIGGERS. 
After a large number of observations and experiments, a medium eize 
of thege machineB, which according to the degree of impurity and coaree- 
ness of the coal, washed from 1 50 to I'OO ewts. of coal per hour, was found 
to give favourable results. With coal giving on assaj S4 per cent, of 
impurity, they washed about 150 cwts. per hour, but on the percentage of 
impurity being reduced to 10 per cent, they washed 200 cwte. The fol- 
lowing is a description of this mediom-sized jigger: — The jigger box ia 
held together by uprights of 2^ inches square, and ia about 9 feet 10 
inches long, 3 feet 1^ inches broad, and i feet 7 inches deep. The top 
part of the box is divided by a partition board a, Plate XXV, Figs. 1, 2, 3, 
and 4, which reaches to a depth of 2 feet 2| inches. This partition therefore 
divides the whole boi into two parts, namely, one for the piston and the 
other for the sieve. The inside of the box is Uned with wood 1^ inches 
thick, HO that there still remains an area of about i feet 6 inches x 2 feet 10 
inches = 12'75 square feet for piston and sieve. The bottom, b, the lowest 
point of which should be e.\actlj under the middle of the parfition, is curved 
80 as to cause, through the up and down motion of the piston c, a flow of 
water favourable to the sorting and delivery of the coal. The mesh of the 
sievetf depends on the aize of the grain washed; that is, for example, | inch 
for large size coal (cobbles) and ^ inch for nuts or smalls. The sieve is fiied 
so as to be 19 inches below the top edge of the front side of the bos, and 21 
inches below the top edge of the partition, so that there is an inclination 
of 1 in 2i from the front to the back. This is done in order the better 
to retain the heavier pieces of dirt. Under the sieve are fixed five 
wooden bars e, to resist the strain on it. The feeding t-akes place by 
means of a trough, which is fixed on to the back side of the jigger box, 
BO that it just comes over the deepest part of the sieve. The coal being 
lifted by the upward pressure of the water is carried out throngh the slit 
/, which extends across the whole front side of the jigger box, while the 
dirt sinking on the sieve gradually falls out through the opening g, 
(4 inches x 10 inches), which is fixed 2 inches above the level of the sieve, 
into the dirt trough A. The elide or valve *, which regulates tlie size of 
the opening, is acted on by a lever k and a connecting rod /, and is kept in 
its place by the slot m. But in order to prevent tlie coal when entering 
from passing through this slit, a shield or screen n is fixed over the same. 
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which can be regulated by screws, but as a role when once it has been 
adjnated it does not require to be again altered. The dirt passing through 
the opening g, is caught np by the seoop-wheel o, and delivered by it on to 
the funnel p, over which it falls into the spout q, from the bottom of which 
it is removed in a manner to be described hereafter. The separat* delivery 
of the dirt from each jigger by this scoop-wheel, possesses one great advan- 
tage, namely, there is always a safe control over the amonnt (i.*., the 
quantity and qnality) of work which each jigger is doing. In order to 
watch this control a sort of spoon is osed by which samples can be brought 
up from time to time, thus it can immediately be detected if any one machiae 
is delivering coal with dirt, or otherwise neglecting its duty. Each 
separate scoop r is so pierced with holes that the water can easily drain 
off. The motion of these scoop-wheels is transmitted tbrongh bands 
from the principal working axis s, the axis receiving its motion from the 
pulley-wheel (. The motion thus transferred to the principal aiis 
is again transfeiTed through the slot u with a slide block v to the 
axis w, and from there by two forked piston rods x to the piston, 
which is therefore fixed at four different points, whereby a regular and 
steady motion is ensured to the coiu^e of the piston. In order to replace 
the loss of water caused by the continual outflow, a water pipe y is 
connected to each machine, the supply for which is regulated by the valve 
z. The coarse sizing jiggers make GO strokes per minute, those washing 
the next largest or middle size G5, and all the rest 70. The scoop-wheel 
makes ten revolutions per minute. Lastly, the very finely divided refuse 
which sinks througli the mesh of the sieve is collected at the bottom of the 
jigger bos, and is from time to time cleared out by means of raising the 
valve &" by the lever a', and is thus allowed to flow out into a trough in 
councction. All other details can be clearly seen ia the drawings, 

LUHRIG'S FINE COAL JIGGERS. 
This jigger is on the whole similar to the one known amongst ore 
dressers, as the continual fine grained jigger, and is shown in Plate XXVI., 
Figs, 1, and 2. The inside of the box is lined as before with wood, and has 
a length of 8 feet 3 inches at the top, and a breadth of 3 feet 3 inches. At 
the bottom the back haii a length of about 2 feet 6 inches, but increasee 
in length on the front side to 4 feet 4 inches, the bottom of each jigger 
being thus pointed. The partition a divides the whole into two separata 
jigger boxes, and the partition a* divides this again into two equal parts, 
so that there are two pistons and two sieves in each jigger box. Thia 
partition extends to a depth of l!i inches, the area taken np by the pistuB 
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and sieve being about 6| square feet. The Bieve b is fiied 11| incheB 
below the top edge of the jigger box, and is Btrengthened as before by 
wooden bars e. The piston d is construuted out of two massire pieces of 
wood, has a thickuesa of 8^ inches, and is fixed as shown to the piston 
rods f, which derive their motion from two eccentrics fixed on to the 
axis /, The leugtli of the stroke varies according to the size of the grain 
treated, irom ^ to 1 J inches. The axis is rotated bj means of the pulley- 
wheel^, the number of strokes varying between 130 to 175 per minute. 
A layer of 3 inches of feldspar x is placed on the top of the sieve.' The 
Htrenm of coal which has previously been subjected to a separation in the 
Spitz Kasten, or grading boxes, Plate XXVIl., Figs. 1, 2, and 3, flows on to 
the first sieve through the entrance A.^and is there immediately acted on as 
follows : — The water in the jigger box below the sieve is subjected to short 
and quickly-repeated blows of the piston ; the lighter particles of cual are 
thus kept continually in suspension, and are therefore washed by the force 
of the entering stream into the nest sieve compartment, while the heavier 
particles of dirt sink and pass tlirough this bed of feldspar and through 
the sieve into the pointed-formed part of the jigger box below. From 
here it is led off by a trough in connection with it through an opening i 
with a lid k. The second jigger compartment doca the same work over 
again, in order to cleanse the whole satisfactorily, namely, to separate more 
perfectly any fine dirt particles which may have washed over with the coal. 
A stream of clear water runs in continually by a pipe I, which can be 
regulated by a valve as shown. The washed coal flows out of the jigger 
box by the outlet tn, and is subsequently treated as described hereafter. 

RITTINflEK'S SPITZ KASTEN, OR GRADING BOXES. 
The claseiflcation of the fine grain, i.e., that below ^ inch, on acreens 
or sieves, wonld create too many difficulties to make it practicable, so that 
it becomes necessary to sort it first, and then it is easily classified on the 
fine coal jiggers. This sorting can be effected in Tarious ways, the best 
of which is by the employment of Rittinger's Spitz Kiisten, Plate XXVII., 
Figs. 1, 2, and 3. These consist of a series of two hopper -abaped or pointed 
boxes of a pyramidical shape, with a rectangular base. The dirty coal and 
water flow into the first and smallest box, and pass ont of the last and 

• The object of this bed of feldspar is to ait as a siove, the flow of n-ater cauiiag the 
pieces of feldspar to separate from one another for a few leeondu, the grains of dirt 
having ahont the same Rpecific gravity as feldspar fall through tlie intermittent spsceg. 
A aieve conld not do thii n-ork aa the hulea ivoold have to be verj,- GueaudconBequeDtlj 
wonld soon got filled up, ao in this way the aiove itself can he made of much larffer mesh. 
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largest one. The heaviest particles thtiB sink in the first box, and the next 
heaviest in the next; so that the water flows out of tlic last box with veiy 
little coal in BaGpensioD. The grains thus sorted flow out of the bottom 
of the boxes in a concentrated stream through the outlet troughs shown m 
the drawings on to the fine grained jiggers just described. 

Having described in detail the conBtniction and action of the prin- 
cipal machines used in Luhrig's Coal Washing Est-nblishment, it now 
remains to give a general sketch of the whole system of dressing aa prac- 
tised at the Briickenberg Colliery (shaft No. 2), Saxony. Sec Plates 
XXYIII., XXIX., and XXX. 



DESCRIPTION OF THE SYSTEM OF DRESSING. 

The coal, as brought from the pit, is either taken to the washing 
apparatus in a mixed condition of large and small, or, if divided under* 
ground into largo and small, the latter only is washed. 

If the latter plan is adopted at coUieries where a large amonnt of ronnd is 
made, the washing apparatus is saved a great deal of work. At the Briicken- 
berg Colliery, where the coal is separated underground, from six to twelve 
per cent, of the total quantity drawn is round (which amounts to 400 or 450 
tons per day), of which only from 850 to 400 tons are washed or dressed. 

ThiB coftl is tipped by meana of circular tips or kicknps a upon 
screens b, where pieces larger than 3} inches are separuli-d from the 
remaining mass. In the modem washing establishments Briart's patent 
screens are used, the bars of which are worked separately backwards and 
forwards by their being attached to eccentrics on a revolving axle ranning 
at right angles to the bars ; the advantage being that the screens can be 
placed at a less angle than the ordinary screens, gaining thereby a lai^ar 
Bcreening snrfece. 

The coals that pass over these ecreens arrive in a sorting table or 
shelf c, where they are separated into the following three sorts : — 

1. — Large coal, which is loaded into wagons. 

2.— Dirt. 

a. — Dirty cual, or coal more or leas impregnated with dirt. 

The latter by further disintegratioD is separated into two sorts of dean 
coal after being washed, viz., cobbles and cube cual. 

Thedisintegration has been effectedlatterly by stone- breaking machioM, 
which answer the purpose well. 

At the above colliery the stone-breaking mneliine rf is placed over the 
sorting shelf, to which the coal is carried by means of an elevator «. 
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Besides the three abore-mentioned sorts of coal a fourth class is made, 
called " fine powdered coal," which no further disintegration and washing 
can make into a clean product. This is used for firing the boilers, and 
amounts to one-half per cent, of the output. 

The principal collecting hopper/ lies below the screens into which the 
coal passing through the screens falls. This hopper should be of large 
dimensions, to Ber\'c as a store, so that should anything happen to 
Btop the pit, enough coal would be ready to keep .the washing going; 
OP, should the washing machinciy be stopped through accident, the hopper 
would be large enough to hold the output. It might be of euch dimen- 
sions to allow the coal drawn during the night shift to be stored, should 
the washing machinery be large enough to clean all the coal dni-ing the 
day. 

From the collecting hopper /, the coal, by means of the principal ele- 
vator _c, is brought to such a height as to insure its falling into the revolving 
screen h. This screen is a simple conical drum screen, of which the 
meshes are 2\ inches wide, so that the large coal is separated from the 
small, or that nnder the 2\ inches. 

At the Briickenberg Colliery this revolving drum has a second casing, 
with a mesh of ^ inch, whereby the small coal is again divided into sizes 
of from 2^ to J inch. Formerly the coal passing over the 2^ inch screen 
went dry upon a travelling belt to a revolving table, there to bo divided 
into clean large coal, a mixture of small coal, and dirt ; the former was 
sold, and the second used for the boilers, or disintegrated by the stone 
crusher y, taken by an elevator into o, and washed with the rest. 

This arrangement has been changed by the present manager, Mr. 
Menzel, who found it necessary, owing to the large amoont of ashes in 
the small coal, to adopt washing troughs i'. 

These troughs are inclined at an angle of four degrees, over which the 
small coal and dirt, mixed with water, flow; whereby the dirt, being 
heavier, falls first, then the miied coal, and lastly the lighter clean coal is 
carried to the draining sieve A', and from there to a suitable receiver by 
the conduit A". 

These troughs are in duplicate, so that one may be cleaned without 
disturbing the washing. By opening a valve h' the dirty coal is got rid 
of, and by the valve d the dirt. For this work, which is only carried on 
during the day, three men are requisite ; while for the former process of 
separating the coal by means of revolving tables eight women were em- 
ployed day and night. Besides this saving, however, the coal is better 
sorted than could be done by means of labourers, especially while working 
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by lamp light; in addition, the arrangement is cheaper and the cost of 
repairs is lightened ; and there is a saving of power in driving the 
machiuery. A centrifiigiil pump k supplies the necessary water, and, 
in order to lessen the suction height, does not draw its water from the 
principal basin I, out of which the centrifugal pump m draws to supply 
the jiggers, etc., but from the basin n, which is fed by the overflow water 
fruni the grading boxes B, wliich is suificiently clear for the purpose. 

The coal thus washed goes to the hoppers, and the dirty particles 
washed out and falling throagh b' are cmshed and elevated to the revol- 
ving screen o. 

The coal under 2^ inches which passes through the inside screen of h, 
goes to the drum Bcreen o, after pieces smaller than ^ inch have bwn 
separated by the external screen j this is done to lighten the work of the 
drum screen. 

This screen separates the coal into more classes than is absolutely 
HfCCBsary for the process of separation. Theoretically considered, and 
supposing the form of the coal to be uniform, a single screen wiih a mesh 
of J inch dianietor would be only necessary to divide the coal into two 
classes IVoni '2^ inches and | inch. lu practice, however, commerce 
demands a further division, and at this colliery five classes are made by 
hoppers rr around the principal drum Bcreen o, with meslicB of {, j, 1}, 
and 1^ inchca diameter, as follows : — 



Nut end ... 


... No. n. 


Do. 


... Wo. L 


CobWw. 




Cube poj . . 


... No. II. 



.. 4.-U , 

„ 6.-H „ . I»n. . No. I. 

The last two dassGa are often mixed together after being washed, and an 
only separated during the washing so as not to overload the last screen. 

The coal, on entering the principal dram screen o, is mot with a povcN 
fill jet of water for the purpose of soaking it, and besides, each Mcr«eD, 
half-way np the rising portion, is strongly squirted with water to clear 
the coal sticking to the meshes, which quickens the classifying process. 
The necessary amount of water is pumped by means of the pump tn from 
the drainage troughs;) of the settling basins. 

Besides the coal from the drum screen h, the drum screen o takes the 
mixture of coal and dirt that falls through the hole 1/ of the wuhing 
(ronghs before described, which, after bi'ing disintegrated, is hfled by 
means of an elevator. The five classes are brought throagh the 
hoppers r to thi? Rvu jiggers « l)eluw. These jiggers deliver the 
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dirt which sinks on the Bcreen, which is heavy enough to resiat the 
upward motion of the water, and which paasea thi-ongh an opening in 
the side, and by means of a bucket wheel is taken away and allowed to 
fall into a pasaage t. Usually the jiggers pass the dirt to the dirt heap 
either npon a horizontal passage or by means of an Archimediau ecrew, 
but here the dirt is brought from each jigger by passing down a steep 
paasage / in the dirt hopper tt, when, by meaua of the elevator v, it is 
brought to a place where it can be taken away. 

The dirt which falls through the meshes of the screen upon the bottom 
of the jigger, and passes the valve b', Plate XSV, also goes into the pas- 
sage /. 

At last the jigger delivers the washed coal with mud. The mud, 
or fine coal and water mised, is dealt with accordiug to the mamier 
in which the drum screen screens the coal. If the drum screen separates 
the fine coal irom the rest, then the amount of mud in the jiggers is small; 
if this is not the case, then the first jigger receives the greatest amount of 
mud which is required for the fine grain jiggers. 

Both coal and mud pass through a slit in the side of the jigger, and 
from there are dealt with in different ways. In the old method a 
slanting sieyc sf was placed to allow the water to pass through and the 
coal to be brought to a hopper s, or if there was no room below thia, a 
small elevator took the coal to a loading hopper and an elevator was 
necessary for each jigger, or for each separate sort of coal. 

Instead of this transport arrangement, which gave great trouble and 
expense in repairs, the present method, invented by Mr. Berg, simplifies 
the process materially. Here the mud and water are used for transport, 
aa with the washed coal tbey pass over passages inclined at an angle of 
four degrees, the coal being separated by a sieve Irom the water just before 
entering the loading hoppers. At the Briickenberg Colliery the aiTange- 
ment is as follows : — 

The passage iv brings the water and coal along to a sieve x, by means 
of which the fine coal separated from the water falls into the hopper 
y, and if the sieve x has meshes only allowing coal and dirt below ^ 
inch to pass, the fine coal and water pass direct to the fine coal 
jiggers j when, however, the mesh of the sieve is larger, a class of 
coal too good for the fine coal jiggers is passed through the sieve. la 
such cases the muddy water that escapes is passed over a sieve with a 
mesh of ^ inch, and is then caught by an elevator and mixed with the 
nut coals. 

The mud, coal, and water passing through this screen arc brought 
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through the passage A to the pyramidieal boiea B ; into these boxes also 
comes the coal by a passage C from the } inch outer screen of the revol- 
Ting screen A, which already has been thoroughly soaked with water. 

In cases where the fine coal is very much mixed with dirt, as at 
Briickenberg, another coarse coal jigger is placed in the mud stream for 
the purpose of taking away a great part of the coarse dirt before the mud 
reaches the pyramidieal boxes B and B.' This jigger is not sliown in the 
drawing. The pyramidieal boxes dehver, first, a quantity of grains of coal 
and dust ; secondly, water which paasea along the pnasage D and which 
holds in suspension the finest particlesofcoalanddirt, part of which is used 
for the feeding of the centrifugal pump k, mentioned before, while the 
remainder flows into the settling basins. PVom each pyramidieal box the 
coal and dirt fall into the fine coal ji^'ers, so that for each box snch a 
jigger is required. In this case there are two. E being fed from the box B, 
and E' from liox B'. In these jiggers the feldspar separates the coal from 
the dirt ; the former mixed with water posses along the passage F over a 
sieve to a hopper G, out of whieh, by means of a Jacob's ladder H, the 
buckets of which are pierced with holes, to a loading or reser\'e hop|«r. 
Should the mud contain fine divided particles of iron pyrites, a sieve is 
introduced, with a mesh of about Vi 'uch wide; when this is elevated it is 
necessary to squirt clean water into the buckets by means of a hose. 

The mnd that passes through the sieves is taken to the depositing 
basins. 

Along the passage J pass at last the dirt and mud from the mod 
jiggers to the dirt basin ii, where, with the rest of the dirt from the coarse 
coal jiggers, they are lifted by means of an elevator f. 

During the work wat«r is constantly flowing from the cistfm K, 
vhich is fed by the centrifugal pump m through the pipes L to all the 
jiggers. 

Finally, it may be mentioned that the steam engine TS of 2S horse- 
power works the whole of the apparatus. At present, however, the 
washing is only done during the day, there not being enough work (o 
keep all going during the night. The screens b, the crusher d, and 
the elevator e are worked by means of a small engine, not shown in tho 
drawings, during the night. 

The coal as brought from the mine, being assayed befoTc washing, 

gives 25 per cent, aah (pieces of pure coal contain 2-3 per cent. aafa). 

[ This high percentage is reduced to 5 or 6 per cent, by washing, ao that from 

19 til 20 per cent, of the dirt is got rid of; thus 2-7 to 37 per rent., or, 

iug as a medium, 3'2 still remains as impurity in the coal. Cuol cv«- 



LL'HBlGtJ METHOD OF COAL WASHIMG, 



IGl) 



faiWy cleansed by hand only guvs '1 per cent. Icee ash, bo that the highest 
possible degree of cleansing aeenis to bave been attained. Tbe remaining 
impurity of S'2 per cent, is made up cliiefly from thin plates of calesi>ar 
and iron pyrites adheriLg to the coal, and not from free pieces of dirt. 

The total consamption of water confiiats of GGO gallons, with an addi- 
tion of 22 gallons of fresh water per minute — that is, 50 gallons of water 
are required for one cwt. of coal. M. Liihrig has guaranteed to wash 800 
cwtfl. of coal per hour with a maximum of G per cent, of ash, the coal 
ranging from J inch downwards, for making coke. These results have 
been perfectly attained. 

TABLE OF RESULTS AT BROcKENBEEO (SHAFT No. 2.) 
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1-47 

112 
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The following table showa the wages given in the coal-dressing 
establishment ; — 



»'•""■ 


aH.79a"iru,' aams'ciri* 


'^^.n^ 


Kf^^ 


A.™. 


Amount 


Amount 


Am«mt 


Sorting at tlie spree.li. 

Removal iif ixulI and dirtfrDcn u^reetis 

Labuur at the troughs 

Labour at tlio course jigger 

Labour at the fine ii^ct 

Labour at rsMrvoir 

Cleaniag out of the mud nweirmr, and re 
moval of the mud from sattUng coal ., 

Cleaning oat canals 

Sweeping and cleaning up under thehoppsrs 

Removal of washed dirt 

Man at the hoppers for loading 

Loading and pacltinsr 

Total 


£ s. d 
6 13 fl 
16 2 1 

2 14 2 
9 13 11 

3 17 
3 15 4 

2 4 3 

8 14 11 
16 5 

3 13 10 
8 6 

8 la 8 

10 7 


£ 8. d. 
3 17 9 
15 14 7 

2 10 7 
9 9 8 

3 8 8 
3 9 7 

2 6 

10 3 
17 3 

3 7 7 
9 
9 16 4 
9 2 7 


£ >. d. 
4 6 
20 IB 2 

3 1 £ 
11 

4 3 9 

4 3 8 
3 8 5 

It 3 9 
17 4 

5 IS 2 
10 1 3 
10 10 
13 19 2 


£ -. d 
4 10 
18 6 10 

1 12 9 
9 6 9 
3 10 4 
3 9 1 

2 S 2 

12 IS 
1 4 5 

3 6 9 
8 6 4 
8 8 6 

10 5 6 


85 8 5 


83 10 10 


104 IS 8 


86 17 6 
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From the foregoing table ihe average of these four months would 
be about one-tenth of a penny per cwt. for labour, M, Liihrig quotes 
the price of his coHl-washing establiahmenta, witii a capacity for wasliing 
1,000 cwte. per hour during ten hours a day, ineluding all cstra plant, 
such as loading apparatus, settling beds, etc., at £2,700 to £3,500. Taking 
a medium, therefore, of £3,100, and reckoning the interest at 5 per c«nt., 
the amortization as 10 per cent., and the repairs at 5 per cent, (total, 20 
per cent, of the ouUay, or £620 yearly), and reckoning 290 working dayi 
per year, the daily cost would amount to 42s. Od. a day; a little over '051 
of a penny a cwt. for depreciation of plant and interest of capital, or three- 
pence a ton for labour, depreciation, and interest on capital. 

The output of the yariooB claBBes of washing con be gathered froia 
the following Table : — 
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Plate XXXI. shows in the form of a diagram the way the cool is paaaed 
through the several screens and machines. 



The Chaihman, in proposing a vote of thanks to Mr. Rathbone for 
his i>aper, drew a comparison between the very exhaustive method of treat- 
ing the coal at Zwickau and the very primitive appliances that were first 
introduced in Kngland, where a large quantity of coal was lost in order to 
cleanse the remainder of about 18 per cent, of the nibbish it contained. 
Even the very much more perfect arrangements introduced from France bj 
the late 31r. James Morrison did not come up to tlie standard of perfeotioa 
now described. But before introducing machinery of so costly a dcem[>- 
tion it would be as well to consider if the amount of water required, which 
seemed to be very lai-gc, would not exceed that which might be readily 
attainable, and also whether the eoet <if cleaning would not be too high 
to render the arrangement of practical use in England. 
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Mr. W. Cochrane, in seconding the vote of thanta, referred to the 
tabular Btatementa which had not been read, but which conveyed a great 
amonnt of valuable information. 

The vote of thauks was unanimously responded to; and the membera 
adjourned to the Laboratory of the College of Physical Science, kindly 
placed at their disposal by Professor Freire-Marreco, to hear Professor 
Forbes, of Anderson's College, dlasgow, describe his instrument for 
ascertaining any small quantity of gas there might be in the workings 
of a mine. 

Professor Fokbgs stated that his attention had been first drawn to the 
subject by bis friend Mr, James Young, F.R.S., of Kelly, shortly afW 
the disaatroits Blantyre explosion in 1877. The form the first suggeetions 
took was not very practical, but they afterwards became elaborated into the 
convenient and practical instrument he had the honour now to exhibit. 
This instniment depended on a well-known prin- 
ciple in acouBtica : that the sounds produced i 
by the vibration of a tuning fork placed over 
column of air confined in a tube would become 
very much more audible when the column in 
the tube was of the length suited to the pitch 
of the note produced by the fork, and that the 
length of tills golumu was influenced by the 
specific gravity and nature of the various gases 
which the tube might contain. The instru- 
ment (see woodcut) wna therefore composed of 
a tnning fork, a, plac-ed over a tube b, the 
length of which is regulated by a piston rf, 
moved up and down by a rack and pinion 
actuated by a large milled head c, the amount 
of motion given to which is indicated by a 
pointer. Wheu used the metal rod e is inserted 
between the limbs of the fijrk and drawn sharply 
through them, and the vibrations thus caused 
become distinctly audible only when the tube is of suitable length. If, 
therefore, the fork which was audible with a certain length of tube ceases 
to be so, it shows that the condition of the air in the tube Ims undergone 
a change, and become either more or leas mised with gases of different 
specific gravities, and the amount of such change is indicated by the pointer. 
IS, therefore, the air is contaminated with fire-damp, tbe mixture will be 
of different (jnality to, and less Bpeeitic gradty than, pure air, and the tulje 
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will have to be lengthened to canae the vibration of the toning fork to be 
audible; and if a properly graduated indox is fitted to the tnbe, this amonnt 
of incrcEise in length may be mad» to indicate the exact amount of fire* 
damp in the mixtnre. 

A correction has to be made for temperature, variationa in which also 
affect the colnmn of air, and to make these correctionB, a thermometer,/, 
was attached to the instrument; this thermometer was not graduated in 
degrees in the usual way but registered certain variations in figures which 
corresponded with and had to be subtracted from the figim», showing the 
length of the tube and the amount of the fire-damp, the result giving the 
correct percentage of fire-damp in the tube. 

In order to give to the hand greater control over the lengthening and 
shortening of the tube, a rack has been attached to the piston, which works 
in a pinion on whose aiis there is a large disc, f , with a milled head 3 inches 
in diameter. This disc has a glass face with a graduated scale round the 
circumference; so that a fixed index marks with great precision the exact 
length of the tube. The scale is thns made so large that readings can be 
made in the feeblest light. 

That the instrument may be taken in advance of a lamp in places where 
gas is expected in large quantities, a phosphorescent powder is placed in a 
cavity behind the graduated glass plate, so that readings can be taken in 
the dark. 

To be sure that the gas or air in the tube is the same as what is to be 
found in the particular jiart of the mine under examination, there is intro- 
duced, through the piston worked by the pinion, a rod, at the upper end 
of which is a packed disc fitting the tube tightly. Previous to taking a 
reading this disc is, by means of a handle attached to the rod, driven up 
to the open end of the tube, and when drawn back it sucks in the air from 
the place under observation, and by a single turn of the handle, locked to 
the piston which works the pinion, by a bayonet joiut. 

The following is a description of the apparatus used for testing the 
accuracy of the scale : — A circular trough 4 feet diameter and 3 inches 
deep, was partially filled with water, and a grating placed over the water 
to stand upon. In the centre of the trough there was a hole with an inch 
metal tube projecting upwards 4 inches. To this was attached an India- 
rubber tube 2 feet long, with a mouthpiece which could be firmly attached 
to the mouth for breathing. The operator sat on a stool above the wal«r 
with the mouthpiece attached, and the nose closed by spring pincers, and 
a tin cover 4 foet high and 3 feet diameter was lowered over him into the 
water. There was a small hole in this cover, with glass over it, at which 
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a light waa held on the outside. Different quantities of marsh gas were 
then admitted under the cover, which were mixed with the air by means 
of a fan. A Tending whs taken with the instrument, and at the same time 
a bottle of water was emptied and closed air-tight. The contents of the 
bottle were afterwards analysed ; and thus the true percentages, corres- 
ponding to different readings of the scale, were obtained. 

In this way it is possible to measure the proportion of fire-damp to 
about one-half per cent, of the volume of the miiture. 

These experimcnta bad been verified by his colleague, ProfesBor Dittmar, 
who at difi'erent times bad analysed the contents of the bottles filled in the 
cylinder and had found them to agree within one-half per cent, of the 
readings of the indicator, and this seemed at present to be the limit to 
which a practised ear could reach in using the instrument. 



Experiments were then made before the members showing that amonnts 
of gas varying I'rom a trace to 20 per cent, could be readily detected by 
the inetmment. 



Professor Fokbeb continued — Where carbonic acid gas was present 
in the mine it of coui'se increased the specific gravity of tlic mixture, 
and modified the indication on the instrument. But the choke-damj) 
diminished the eiplosivenesa of the lire-damp in about the same pro- 
portion; for example, if there was a mixture of G^ per cent, of tire-damp 
and 1 per cent, of carbonic acid gas, the instrument would indicate a 
figure due to about 4 per cent, of fire-damp; and as a mixture of 6^ 
per cent, of this gas with the atmosphere is explosive and 4 is not, 
this alteration in the reading would be very serious were it not that the 
presence of the carbonic acid gas rendered the mixture as harmless as ii 
would have been had it only held the 4 per cent, of fire-damp indicated by 
the iiiBtrumcnt, as, to use an expression common among the minere of Scot- 
land, the carbonic acid giis "damped" the marsh gas. Of course the 
instrument could be made to indicate the absolute quantity of marsh gas 
even when carbonic acid gas was present, by adding an apparatus whereby 
the mixture to be e-tamined could be passed through water before it entered 
the tube of the machine and the carbonic acid gas absorbed, but he con- 
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Bidered from the above reason that siichan addition was perfectly unneccs- 
Bary, and would only Bcn'e to render the apparatns more cumbersome, 
while at present it was one of extreme simplicity, and could be worked 
by any one with ease and accuracy. Moreover, Dr. An^e Smith had 
shown that 2 per cent, of carbonic acid gas extinguiahea a caudle or 
lamp. 

He had taken the instrument down many mines, and one remarkable 
feet had been elicited by its use. namely, the very uncertain nature ofany 
teat for gas made by a Davy, a Clanny, or any other safety-lamp. He had 
tested many such lamps and found they would not show a blue cap when 
& per cent, of marah gas was present; and he really thought, as a matter 
of fact, these lamps were not sufficiently delicate to be relied on. 



The Chairman said, he was sure that they would all JDin in a vote of 
thanks to Professor Forbes for the trouble he had taken io bringing his 
very clever invention before them, and lor the very interesting illuatrationB 
he had exhibited, and he hoped that the instrument woidd he the means of 
initiating valuable researches in mines which are more or less subject to 
great discharges of gas. 

Mr. A. L. Steavenson, in seconding the vote of thanfcs,Baid that he 
was the first to ask Professor Forbes to come over, and he felt very much 
obliged to him for the courteous way in which he had acceded to the request. 
It was of the utmost importance to all pei'sons who had devoted their 
attention to the perfection of such instruments that they should be freely 
criticised by those whose calling it was to use them. One of the chief uses 
of such a machine was to enable the engineer of the colliery to rightly 
estimate the amount and nature of the gases in the air retnms so as to 
ascertain if there was any deficiency in the ventilation, and he thought 
that on instrument which only indicated that the air iu the mine approached 
more or less to the explosive points without indicating the percentage of 
tire-dauip was imperfect in a very important particular, and, therefore, he 
considered the Professor's explanation of the natnre of the indications^ 
when carbonic acid gas was present, hardly satisfactory, and any machine 
which might, under circmnslances very likely to occur, register only 4 per 
cent, of gas when G per cent, of fire-damp was present, was scarcely to be 
relied upon, and in this respect he thought the invention of Mr. Liveing, 
described in page 287, Vol. XXVII. of the Proceedings, much superior. 
This instrument, even when carbonic acid gas was present, indicated one- 



raaTRlTUENTS FOR THE DETECTION OF QAR. 175 

fuurth per cent, of marsh gas with unerring certainty. The I'TOfessor's 
instrument was, however, decidedly tlie raoet handy and portable, but he 
thought the resulte obtained by that of Mr. Iiiveing were more reliable. 

Mr. John Cooke thought that changes in tliebai-ometriuU presaure 
might influence the readings of the instrument, and would l>e ^dnd to hear 
more at length from the Professov the reoson for acpposiug this not h> 
l>e so. He would also like to know the price of the iiistnuuent. 

Professor Fohbes, in replying to Mr. Cooke, said that it must be reuoU 
tucted that the instruraeut was simply a machine for registering the velocity 
uf the sound wave which depended on the elasticity and density of the 
mudium through which it is transmitted, and as any increase or decrease 
in the density of any given medium is accompanied with a convsponding 
increase or decrease in its elasticity, tlie velocity of sound will always be 
the same under any pressure in the same medium, althoagh susceptible of 
j^reat variation when the component parte of the medium are changed. 
With r^ard to the second question, the price of the instrument was £10, 



Mr. LivEiNQ then i;xhibited the instrument he had invented. He stated 
that he had frequently tested the instrument both above ground and in the 
workings of a pit, a:id fonnd that it invariably detected quantities of gas to 
H quarter per cent. Ht found that the presence of carbonic acid gas, to the 
extent of 2 per cent, in the mixture experimented upon, did not practically 
alter the reading. The point to be remembered was that the instrument 
gives the heating value of the gaseous mixture examined, or in other 
words, its approach toivards the explosive point ; the presence of carbonic 
acid gas only affects the reiidings to the extent that it diminishes the 
heating value. In the case, however, of an instrument dependent on the 
physical properties of the mixture (as was Professor Forbes") the presence 
of carbonic actd afccted tho reading, but not in the same ratio as it 
affected the heating value. 

The vote of thanks to Professor Forbes having lieen unanimously 
adopted, the meeting t'.Tminated. 
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PROCEEDINGS. 



GENERAL MEETING, SATURDAY, APRIL 17th, 1880, IN THE WOOD 
MEMORIAL HALL. NEWCASTLE-UPON-TYNE. 



J. B. SIMPSON, Esq., in thi Chaib. 



The Secretary read the minutes of the last meeting and reported 
the proceedinp of the Council. 



The following paper " On the Strength of Wrought Iron in Com- 
pression," by Mr. Wigham Richardson, was then read : — 
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OS THE BTEENGTH OF IRON IS C0HFRE8BI0N. 



ON THE STRENGTH OF WROUGHT IRON IN COMPRESSION. 



Bt WIGHAM aiCHAHDSON. 



The writer hesitates to some extent in bringing? the above subject before 
the members of the Institute, seeing that he has no new facte, data, or 
experiments to lay before them ; but he wishes to express some doubts 
about generally received hypotheses, and, in so doiog, to invite diBcussion 
and an interchange of ideas. 

It is now nearly twenty-five years ago since Professor Eaton Hodg- 
kinson made certain remarks before the writer on the prcmiseH of Univer- 
sity College, London, where he made his experiments, and it is to these 
remarks that attention is called. 

Professor Hodgkinson, wliose experiments are even now the generally 
accepted data for all deductions about the strength of wrought iron in 
compression, then said to his class — " Remember that although a piece of 
wroBght iron one and a-half inches long and three-qnarterB of an inch 
diameter will cntsh with a load of something like sixteen tons per square 
inch, we do not know, if the sectional area be increased, that the limit of 
crushing strength will be increased in the same proportion." 

This is the remark of the Professor, and yet the writer thinks that he 
would be correct in saying that, notwithstanding this, the nsual practice 
of engineers has been to consider wrought iron as weaker in compression 
than in tension, whatever the section of the structure may be, and justified 
in asking, is this common sense ? For instance, a tall chimney may be built 
of bricks without crashing the lowest course of its brick-work, but if a little 
pillar, one inch square and two and a~half inches higti, were to be sawn out 
of a brick, such a little pillar would not support the proportion of the 
load due to it. It would crumble to pieces. In other words, twenty 
square inches of brick are more than twenty times as strong as one square 
inch. Perhaps a more striking illustration would be this : 'ttTien any 
excavation is going on it is usual to leave here and there cones of the 
supersoil to mark tlie original height of the ground. These cones, if of 
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email diameter, arc most readily crushed, but if they are left bo as to be 
two or three feet in diameter for every foot of height, they will bear many 
tons weight with safety. 

One of the mo3t recent works on the strength of strncturea is that 
written for the "' Science Text Book" serieB, by Mr. John Anderson, the 
well-known Director of the Woolwich Arsenal, and he thus deecribca the 
effect of crushing wrought iron cylinders when the load is taken off 
before fiwiturc: — 

"By increasing the stress upon these short cylinders of wi'ought iron 
or soft steel, they arc found to shorten gradually by bulging outwards in 
the middle. The effect of this change of form is to slightly stiffen the 
metal, and this affecte the malleable or flowing property; milees the speci- 
men is extremely soft it will soon show symptoms of alight fissures or 
cracks at the part which is bujginr;. To prevent this the annealing pro- 
cess must he resorted to, and with care the pillar can be flattened down 
to a thin disc, gradually presenting a larger surloce for the machine to act 
upon. Reckoning the intensity of the ultimate pressure from the original 
dimensions a stress of npwards of 100 tons per square inch is necessary 
to actnally flatten down wrought iron." 

Wben Professor Hodgkinson was making his experiments he did not, 
so far as is known, try the annealing process, at least those cylinders which 
the writer saw tested were actually broken. They all broke in the same 
way; a bulging ont at or below the middle, and then a kind of telescopic 
abutting up, the lower part an irregular cone, the upper part being hollow. 
Plate XXXII., Fig. I. 

In these experimcnte the cone was always on the lower aide, but it did 
not seem very clear why this shonld be the case. 

Looking again at Fig. I, it is evident that if these small pillan 
had been hexagf>nal, and several standing close together and held ti>gether, 
they would have given each other much mutnul support, and the inilial 
bulging would have been checked. 

If this be admitted, the difficulty of calculating the strength of any 
stnicture in compression is not lessened. It is easy to speak of so much 
per square inch if only the strength did not increase in a more rapid ratio 
than the section. 

Although wrought iron is commonly anpposed to be weaker in com* 
preseion than in tension, perhaps no one has ever seen a case iu actual 
practice of wronght iron being cmshed. In some cases it is difficult to 
conceive that pieces of machinery would break as ihiy do, if iron were 
really weaker in tension than in comprcssinn. For example, the writ«r 
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remembers seeing an eccentric rod break in conBeqwence of the slide valve 
seizing. The engine was making at least one revolntioii each second, and 
therefore there was a pulling and b cnishing strain rapidly repeated. 
Kotwithstanding this the eccentric rod, which was of ext-ellent iron, had 
drawn out, like a. piece of dough or putty, and then broken- 
Mr. John McFarlaoe Gray, of the Board of Trade, wrote a most 
valnabie report upon the breaking in two, at sea, of the paddle-wheel 
steamer " Mary," built on the Clyde, and Le demonstrated that the upper 
works gave way in compression and not in tension ; but, at the same time, 
he showed that this was not by crushing in the iron, but by repeated 
bulging and straightening, whereby the honest iron was ultimately 
obliged to yield. 

Again, a ship built on the Wear some ten or twelve years ago, when 
being towed down to the dock, struck her mast against the bridge and 
it snapped off at the deck, hot there was not any appearance of crushing 
when the fracture was examined. 

On another occasion at works ciose to those of the writer, the gny of 
the shear legs gave way, and the legs, which were wrought iron tubes, 
snapped in two, but on the most careful examination of the broken pieces 
no appearance of actual crushing could be detected. 

The late Sir William Fairbaim, in his work on " Iron 8hip-building," 
gives (pp. 47-63} an excellent summary of the elaborate experimenta 
which were made on the strength of iron tubes at the time when the 
Menai Tubular Bridge was being designed. He gives a series of illus- 
trations of the way in which these tubes gave way, which, in every case 
was by bulging. Fig. 2 is a fair sample of these. 

He also states that the strength of such columns varies as their widths 
multiplied hij the cube o/ their thickness. 

Taken from his tabular list of circular tubes, the strongest of them, 
which was 10 feet long, 6| inches diameter, J inch thick, broke with a 
pressure of 16 tons per square inch. Taking then, Sir William's own 
rule, it the tube had Ijeen i inch thick instead of ^ inch, it would have 
borne eight times as great a load, eight being the cnbc of two, for the 
doubled thickneBS. But eight times IG tons equals ]'28 tons, and, 
dividing this by two, since there would be double the sectional area, it 
would seem by the above rule that the iron would bear in compression 
'$■ = G4 tons per square inch of section ; and yet, further on (p. C2), 
he flays, that in calculating the strongest [wssible form not more than 16 
tons per square inch must be reckoned on. This deduction seems to be 
perfectly inexplicable, 
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The writer has been told by a friend, a Cambridge wrangler, that 
ProfeBSor Clark Maxwell conadered that both teneioiia! and compressive 
frfictures could be resolved into Bheering fractnres, and that broken iron 
might be nsanmed as coming asunder much as if two combs were stuck 
the one into the other. Fig. 3. 

If this be the cnse, is it not evident that, say a dozen comb teeth mnst 
be (in tension) just about twelve times as strong as a single pair of comb 
teeth ? Fig. 4. But, on the other hand, is it not equally clear that in 
compression the larger the number of such teeth the greater, relatively, 
must be the strength. 

It is usual now-a-days to speak of molecules, and the swinging or 
rotation of one molecule round about another ; perhaps snch phrase<>]ogy 
is neither more nor leas accurate than the old style of speaking of nature 
BB abhorring vacuum up to 32 feet. However, be that as it may, let it 
be supposed that these molecules are held together by some attractive 
force which is companible to magnetic attraction or to magnetic repulsion- 
Now every schtjolbny knows that he can more easily take the keeper off a 
msgnet by sliding it than by pulling it straight off. 

Take a scries of molecules, Fig. 5, and let it be supposed that a 
fracture takes place along the line A B, It is perhaps not unreasonable 
to imagine that if the fracture is effected by pulling asunder, i.e., by 
tension, that two individual molecules would separate in some such way 
as is indicated by the arrow. Fig. C, 

If, on the other hand, the fracture is effected by compression, that the 
molecules would f<iilow (or strive to follow) the arrows in Fig. 7. 

In either case the supposition is in accordance with what is often 
Bpoken of as the " angle of fracture." 

But it will be noticed that in compression the molecule which strives 
to follow the arrows, Fig. 7, will come against, or come foul of, the 
molecules (shown by dotted circlL«) beyond, and that a scries of such mole- 
cules will give each other a mutual and cumulatively-increasing support. 

The deduction f¥om the foregoing reasoning would seem to be that it 
is inaccurate to speak of the compressive strength of iron as being 1 C tons 
(or any other number of tons) per square inch ; that iron is probably 
like water, incompressible if absolutely confined ; and that between the 
strength of J-inch bars and large masses there is an ever- varying measure 
of strength per square inch. 

It might indeed be assumed that in practice it is very rare indeed to 
find iron absolutely crashed, and that in artaal experience, with reasonably 
designed structures, the strength of wrought iron in compi-ession is very 
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far above tlie conventional 16 tons per aqnare inch. If this be admitted, 
it will become apparent how verj necessary it la to study how to avoid the 
possibility of buckling. 

Thia may be done in various ways. For example, in making wrouglit 
iron columns for sheer legs, a iarge amount of belly in the centre will be 
very efficacious. Also, it is probably expedient in compression to use the 
material in solid masses, rather than in the thinner plates vrhtch, on 
account of the greater facility they afford for riveting together, make 
them superior in ten a ion. 

In the miter's special branch, that of building steamers, the deduc- 
tions above amved at cut tn two ways. If a ship ia regarded as a girder, 
and it be estimated that a certain compreasive stress will come on an iron 
deck, then the importance of " keelaoning" the deck lieams, or intro- 
dncing a series of longitudinal atiffeners, as suggested by Mr. William 
Denny, of Dumbarton, becomes at once appai'ent; wliile, on the other 
hand, if a much higher value can be given to the strength of wrought 
iron in compression than ia usually assigTied, then, perhaps, the strength 
which is commonly found at the gunwale, namely, in the stringer plate 
and angle, and in the shear strakc, may be a fuU equivalent for the 
tensional strength of the other member of the girder. 

In faet, one of the causes which led the author into this line of 
thought, n'aa tlie observing of the way in which iron tcssgIb break up 
when stranded, that is to say, almost ahvays in tension, or, as far as tuB 
own observation went, always in tension. 

A further dedaction is, that if this suggestion is poshed to an 
extreme, and, in mathematical phrase, the strength of iron in conipression 
SDppt^ed to be infinite, then, under that supposition, the neutral axis 
of a girder can no longer be considered as somewhere about the 
middle depth, but, on the contrary, must be taken as at tlie bottom of 
the girder, or say along the centre of the lower flange. This theory, 
which the writer enunciates with the greatest deference (if correct), 
would just about double the computed strength of simple girders, and 
would explain what has often seemed perplexing in estimating the 
strength of some ships whose scantlings have appeared to him insufficient, 
or barely sufficient, to withstand the strains to which they undoubtedly 
have been subjected. 

It is, however, in bridge building that this subject acquires supreme 
importance, and the writer would gladly see a wider recognition of the 
compressive strength of wrought iron leading to an abandonment on the 
part of engineers of the system of girder bridgi:a rather than see it lead to 



k 



18-1 OX THE 8TRBNOTH OF IRON IN C0MP11ES810N. 

the adoption (in girdcra) of a lower factor of snfetj. A girder bridge is 
open to many objections. In the first place, bo long us the top and bottom 
memherB are made nearly erpial, the one in compression, and the other in 
t«nsioii, thert is twice aa much material as ivonld be cecessary if the ten- 
sion were taken by thruat against abutments. In a bowstring girder 
there IB both the weight of the bow and the weight of the cord or string. 
If the span be considerable the principal load which the bridge has to bear 
is the bridge itself, so that an iDcrease of weight adds in a geometrical 
ratio to the tensional streas. But perhaps a greater objection to the 
girder is that pnjvision must be mailc fur eijinnsion and contraction, 
whereas an arch would rise and fall within itself. Nor is this all, the 
necessity of providing a certain nmonnt of play Rir expansion IcadB to the 
girder licing si-t ilowu on tliL- top of the piers instead ot being bound in 
with them in the way that the huuncbes of a stone bridge spring from the 
abntments. There is little doubt that this was at least one cause of the 
giving way of the Tay Bridge. 

In this immediate neighbourhood there are a great variety of type* of 
bridges, and all of them are worthy of study. Over Dean Street ie one of 
the noblest, if not the noblest, stone arch in the world. It was designed, 
the writer believes, by the present Engineer of the North- Eastern Railway, 
Mr. Thomas E. Harrison, under the latti Robert StephenBon. At Sunder- 
land is Ihe fine cast iron arch, planned by Burdou, and afterwards stifiened 
by Stephenson, with arched wroufrht iron boxes to give lateral stability. 
Close alongside is the new Railway Bridge, a bowstring girder, but who 
designed it, or what considerations led to this type being adopted, the 
writer does not know. The High Level Bridge, by Stephenson, is eui 
gnteris, while tlie Redhengh Bridge will perhaps hereafter 1« eriticiacd 
rather than imitated. At Scotswond is the extremely elegant HuBptnsioii 
Bridge, the work of the bnithors Green, who also, the writer believes, 
designed the Ousebnm and Willington A'iaducta, whicli were wi<oden arches 
on stone piers. These have since, with consummate skill, been altered 
into wrought iron arches, and they come more nearly to the ideal of k 
wrought iron bridge pnrely in compression than any other in the district, 
nlthougb the bridge crossing the Tj*nc at Wylam is. so &r as its iwvh ii 
coueemed, a mnch more scientifically calculated and appn>priate structure. 
This Wylam Bridge was designed by Mr, William Laws, of this town, 
who read a description of it before the Institution of Civil Engineers 
(Session 1S78-79), in which he very moderately puts f»rUi some, but 
perhaps not all, of the merits of his design. The principle on which the 
Wylam Bridge was constructed has also Ix^n adopted by Sir J. W. 



DISfX'SSrOX — STTtKSOTir OF IRON I.V rOMPRESRIOS, 



185 



Bazalgette in hia design for the Tower Bridge, and in a deeigii for a 
bridge over the Forth recently pnblished in "Engineering" by Mr. Am 
Ende. 

There are two other bridgea in this district which, though hardJy 
relevant to the Bobject of this paper, are well worthy of remark; the Swing 
Bridge, designed, the writer believes, by Mr. John F, Ure and Mr. Percy 
Weatmacott, and the Byker Bridge, with its brick arches, the work of the 
late Mr. Hodgson. 

The writer is desirons of inviting the members of this Institute to 
atndy these various types of bridges, tu reflect on the respective coat of the 
foundations, piers, and abutments on the one hand, and of the superstmo- 
tnre on the other, and to consider how their ideas would be modified if 
once it were conceded that wrought iron properiy arranged may be very 
much stronger in compression than in tension ; and if, as it might seem, 
that wrought iron is a material which, when properly arranged, has a 
greater solidity of resistance th^n evec granite, with a special elasticity of 
ite own, it is not perhaps beyond a reasonable flight of fancy to imagine 
that rivers and ravines may be spanned by structures as architecturally 
beaatiful as true in construction, which shall last to be the admiration of 
future ages. 



Mr. RosB said, the subject of wrought iron in compreaaion had not 
received that amount of consideration it desen'ed. Althougli he did not 
altogether agree with the writer in thinking that wrought iron in com- 
pression for either short or long cnhmins could be made to stand as 
great a strain as in tension; yet he remembered an experiment which 
came before his own obsen-ation some time ago, which perfectly cor- 
roborated the statements of the writer of the paper — that a large area 
of iron was proportionately stronger in compression than a small area. 
Mr. Latham's experiments on riveting only gave for ordinary rivets a 
crushing strain of seven tons per square inch, beyond which there wag 
perceptible indentation. With regard to the construction of boilers, 
in many cases the crushing strain seemed to be altogether neglected, 
although it was a very important element ; for instance, in the ordinary 
way of fastening |-icch plates with f-inch rivets, Ij-inch pitch, the portion 
in compression is '25 square inches, the section through one rivet is -ii 
square inches, while the area of plate in tension is '375. According to 
Mr. Iiatham's experiment, the strength of the rivet would, therefore, be 
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insufficient, and this seemed to be borne out in jirncticc, for by double 
riveting, and puttiDg more metal in compregaion, the joint in increased 
in Bti'ength, although the area of plate in tension is nnaltered. For 
long columns unqneBtionably wrought iron had great strength and 
advantagcB over cast iron. He tiioiiglit the subject one of very great 
importance, and one deserving considerable discussion. 

Mr. Hawtuobn said, he agreed with Mr. Richardson that the relatire 
strength per square inch of section of a large and solid mass of iron in 
compression would considerably exceed that per square inch of a small 
mass, and that the former would resist more in compression than in 
tension — indeed, under some conditions, wrought iron would carry in 
compression 60 or 70 tons per square inch without injury. But in 
different structures, snch as girders and pillars, it was not ao much the 
iron that gave way under compression, as from the buckling wbicb ensued 
from errors in construction, which destroyed the iron, not so much by 
crushing as by bending and tension, and he thought that the application 
of wrought iron in compression might be much more advantageously 
employed than at present, if all these circumstances were duly considered. 

The Chairuan thought they ought to pass a rote of thanks to Mr. 
Wigham Richardson for the very interesting paper he bad Bent to them ; 
and perhaps it would be well to reserve anj further discngsion on the sub- 
ject until Mr. Richardson himEelf could be present. 

Mr. Ukdley seconded the motion, which was carried uuanimously. 



Mr. James rASSos read a paper, commnnicated by Professor A. 
Freire-Marreco, " On an Apparatus for Preventing Over- Winding," us 

follows : — 
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APPARATUS FOR THE PREVENTION OF OVERWINDING. 

Bt JAMES I'ANSON. 
Communicaled bjf Frofiesor A. Freire-Marreeo, if. A. 



This arranfrement, io common with the Turious detaching hooka, etc., now 
in use, has for its object the prevention of accidents through over- 
winding; but it is sought in this case to accompliBh the desired object in 
a different way and at an earlier stage than in the case of the hooks and 
contrivances commonly used. 

The essentia] difference in tbe mode of procedure is this : — That 
whereas with the detacliing hook the cage is wound np more or leaa vio- 
lently against some appliance by which the connection between the cage 
and the rope is severed, the cage being left suspended independently of the 
rope; in the present coae it is soufjht to strike at the root of the evil by 
arresting the motive power as soon as the cage has passed the point at 
which it onght to stop. This is accomplished by cutting the steam off the 
engine, and simultaneously applying a steam brake by an automatic 
^rangement which is brought into action by the cage itself as soon as it 
passes the proper stopping point. The way in which this is accomplished 
is shown in Plate XXXIII., in which A is a ateam-brake cylinder, into 
which the steam is admitted by a piston-valve B. This piston-valve always 
has steam on its top side when the engine is working, so that the steam is 
constantly endeavouring to ajjen the valve and find access to the brake 
(^Under. It is prevented from doing so, however, by the rod C and 
the crank D attached to the valve piaton-rod, and held in position by the 
lock B, which passes through guides and tlirough a slot in the end of the 
rod C, holding it in the position shown. The rod C is therefore always 
in tension, and the moment the lock E is lijted, by the cage striking the 
cnrved lever F, the rod is allowed to move in the direction of the arrow, 
and the steam at once gets access to the brake cylinder, at the same time 
turning the throttle- valve G, to the spindle of which the crank D is keyed. 

The steam is thus cut off from the engine and admitted to the brake 
simultaneously, and the engine comes to rest before the cage can reach a 
position of danger. 
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It will be Been that if the engiiie be fitarted the wrong way, the appa- 
ratus at once conies into operation, and stops it. After it haa come into 
operation, the cage remains suepended until the Bt«am ia turned off at the 
boiler, and let out of the brake cylinder by a cock provided for that pur- 
pose, when it ia lowered gradually down on to the keps. All that is iheo 
needed ie to replace the lock, and until this is done the engine cannot be 
started, as the Gteam ia cut oS by the throttle valve G ; this ensures the 
lock always beinj; in the proper position when the engine is working. 

The brake employed can either be the existing foot-brake to which the 
steam brake can be attached, or, preferably, an additional and separate one, 
leaving the existing foot-brake uninterfered with ; or it may be arranged 
so that the steam-brake can be utilised in the ordinary working of the 
shaft, yet without destroying the self-acting character of the apparatus 
when the cage passes the proper point. 



Since this paper was written, a description of a somewhat similar con- 
trivance, which was brought before this Institute by Mr. J. Marley some 
thirteen years ago, has been brought to the antbor's notice. The principle 
involved ia pretty much the same, though there are, naturally, dlfferonccfl 
in dotail. The contrivance alluded to was provisionaHy protected by Mr. 
Marley, but the patent was not proceeded with. It ia probable that the 
paper referred to may be in the recollection of members present. 
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Mr. rANSON said, that at present the subject was only in a theoretical 
stage, and, therefore, it might perhiipe seem a little prcmatnre to bring it 
before the Institute, bat he hoped shortly to be able to show the apparatus 
in operation, and would be very glad if any of the members of the Institot« 
or anybody interested in the subject would come over to see it at the works 
at Darlington, where a model of about the scale nf an inch to the foot is 
working under steam. 

The Chairman said, perhaps it might bo well to postpone any dis- 
cussion upon this subject until they had heard another paper which was 
to be read at the next meeting, " On Overwinding." by Mr. Logan ; snd 
the papers would be better taken together than discussed separately. He 
therefore would at once propose a vote of thanks to Mr, I'Anson for his 
paper; this was seconded by Mr. Hbdley, and carried unanimously. 
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The CiLiiitsiAN said, the neit business was to discuss the" Description 
of an instrument for ascertaining the inclination from the perpendicular 
of boreholes and the direction of such inclination," by Messrs. G. Ziethen 
Bunning and J. Kenneth Guthrie. 

Mr. C, Z. BcKNiNO stated, that doubts having been expressed at HtB 
last meeting as to the possibility of any borehole being bo much as 47 
dugreee out of the peqiendicalar, he had written to seTcral gentlemen 
abroad who had used the instrument, and to others both in England and 
abroad, who had had extensive experience in boring. He must admit that 
the opinions received varied, but where facts had been obtained they 
seemed to warrant the belief that such an amount of deviation and even a 
greater amount had been experienced. With regard to the peculiar bore- 
hole (Gustav Adolph) Mr. G. Nolten writes: — 

" A» regards the iiicluiatioii of 47 degrecu from the perpeiidicuUr, it In Ut mo quit« 
possible. When doDbtii]^ of ita possibilitj' yoa perhaps arc thinking of diamond boring 
machincra which are nsed in England, t^uch a boring mochiac nu not uied, bnt one 
Coniistiug of strong four-sided iron rods of atwut 2 inches square, to the ond of which 
was tastcncd the boring tool. The whole borehole waj lined with 6-inch tubes on account 
□f tho softnenn of the strata, tha liule not having reached the coal-uieosiirea. Mr. 
Morian, in Nenmuhl, asked roe to place the instrument in the Oustav Adolph borehols, 
and 1 found the inclination as Mr. Selbavli has itated it. Mr. Morian Uild me before I 
Giiierimeatcd that the borehole kid been stopped since December, 1S75, and that the 
6-iiich iron tnbes coald not be driven anj further, and that in consequence 4-inch tubes 
were decided U) he put iu in order to proceed with the boring, but that before thej 
expended further money thej should like to know in what direction the borehole was 
going, altbougb tho former boremaeter had asserted that it was perfectly perpendtcuLir. 
The instrument was towered ])urposety to the greatest depth, namely, 750 feet, and left 
there three-quarters of an hour, although half-an-hour would have HufGced for a distinct 
etching, and I was present during the time when the instrument was lowered and when 
being drawn up l« see that no pause occurred. The etching proved so strong that one 
could feol it with the Hnger in the glass. The etching on the glass had the following 
form, the level of the liquid being shown by the Line a in the 
woodcut, which proved that a portion of the aetd was lying 
next the India-rubber plate covering the glass. After cleansing 
the glass, clear water was poured in a lesser quantity than the acid 
which had been in Iwfurc, The glass was again placed in the instrument with the lid, 
and was held in such position tflat the surface of the water was parallel to the aeid 
mark. By so doin^ the position of the instrnmeut in the borehole was reproduced, and 
this position was found t« be 17 degrees from the perpendicular. With such a great 
inclination it was of no moment tt> arrive at the iucUnation more accurately, for such as 
it was, it was entirely impossible to proceed with the boring. 

Mr. C. Selbach, of Oberhausen, WTites: — 

In answer to yonr letter of the 3rd iuet., 1 b^ to reply that I liavc endeavoured in 
vain to get sufficient infrrmatiou ns regards the magnetism in iron tnbcs. I think that 
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if a magnetic needle is plitced in a niagnetic iron tube, tliut the electric luagnctic CDirenti 
will atrire to ran paraUd witli the needle, no tliat in ewe the iron talvs are in a vertical 
poutiuu ths inclitiation uf the ueedle will become greater. 1 hate cnnducted a galvanic 
current roniid a mo^tnetic needle in a horiiontiJ position and the reiult conflrmi mj 

In anmrcr to another of j'our quettiont I stated that I have, with the inventor, Hr. 
Nolten, eiporimcDled with the inatrument in the borehole Guitar Adolf, near Diena- 
lachea. The eiperiments lasted aii: hours, and all present were entirely ntisfied with 
the correctnessnf the results. Regarding the 47 degrees inclination of the borehole, Mr. 
Nottea himself measorcd it: I have seen the glass with the etched marks, and am taUj 
convinced of the correctness of the mcasarement as Mr. Noltoii is verj particular and 
wonld cerlainl}' not be miit^en. It is very likely that boring with a taming machine 
will produce boreholes very much out of the perpendicular, which would not happen by 
percusiioD boring. Mr. Kiepel, manigerof the Obarhausea Colliery, told me yesterdaj 
that he has himself observed such inclination, namely, in the sinking- of a shaft where ■ 
borehole had been prerioBsiy put down. The shaft reached the 
seam of coal 15 fathoms sooner than the barshole, which very 
aoon entirely disappeared from the shaft. This would, if the scam 
were perfectly horizontal and no fanlt lutd intervened, give an 
iiulinaUoH from tbc perpendicular at about 36 degrees. Hr. 
Kiepel related to me eases in which the inclination reached 
greater angles. It must be considered that by turning l)Oring machines, s 
howorer small at first, must constantly increase, and the borerods will form a surra 
gradually getting more and more out of the pcrpendiaular, 

PrrifesBor Lebour thought that in speaking of borehole* which were 
more or leas out of the perpendicular it was generally assumed that the 
deviation was all in one plane. Since reading the paper he had written 
to Belgium, where a good many experiments had been made during the last 
fifty years on boreholes which were out of the vertical position, and there 
they seemed to regard it as a regular rule that such holes follow a wimewhat 
spiral Une very much like the rifling of a gun. Ho thought that probably 
this information would help them in some degree to understand some of the 
deviations of boreholes, hut, of course, would not explain any eo great u 
those mentioned in the paper, which he thought were hardly ever met with 
in practice. Of course the fact that the borehole was 75 fathoms deep while 
the shaft \rBA only 60 did not necessarily prove that the former made an 
angle of 36 degrees with the vertical : there might have been a fault inter- 
vening, or the Beam might have been ranch inclined and the borehole gone 
to the dip. If Mr. Bunning oould tell them how they were working 
there, and it was proved fhat the woodcut really represented the bet u 
to extreme deviation, it would be admitted at once. 

The CaAiRVAH said, that it was much more eaay to go oat of the 
perpendicular in soft strata than in hard, but even in the latter it was 
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Tcrj easy to do bo. He knew a case where, during the Binking of a Bhaft 
8 feet diameter, a borehole was put down in the centre of the bottom, 
for the purpose of carrying off the water to & lower level, but, by the 
time they had got 12 fathoms the hole had gone into the aides of the 
shaft, and it was no longer UBcfiil for getting the water away. The hole 
was bored in very hard stuff, and he could only account for it by sup- 
posing that the men were not very particular in setting away the rods at 
the beginning, and thus a bias was given at starting, which would 
probably bo gradually increased tiU it reached an angle of 8 or 10 degrees, 
and at the finish it was probable that a greater angle might occur, 
although one could hardly believe it would reach 47 degrees ; bat still 
Mr. Banning hiid brought the thing before them so carefully that it 
must be considered fairly worthy of credit. If the borerods pressed into 
some buried soil strata or into the angle of a fault, for instance, they 
might take a bias at a very great angle. 

A Member said, the hole might have gradually departed from the 
plumb line, and the deviation might have gone on in some progressive 
rate till just at the bottom of the hole it readied 47 degrees. The hole 
the Chairman referred to was i feet out in 12 fathoms. If it had been 
proved down to 60 fathoms there was no knowing how far out it might 
have kea. 

Professor Lebouh said, that although it might be actually proved that 
a borehole deviated to the extent of 47 degrees, it was not probable 
theoretically. 

Mr. Weeeb stated that in the absence of precise information as to 
the inclination of the strata and the presence of faults, it would be as 
well at present not to come to any conclusion on the statements made by 
Mr. Selbach in his letter, 

Mr. Gbohqe May said, as the hole had been actually bored in practice, 
Mr. Bunning might get more information by writing to ask if they ever 
found the borebole in tbe seam, and the precise circumstances under 
which it was found, and if the distance at which it was found from tbe 
bottom of the shaft agreed with the statemeut given of the inclination of 
the hole. 

Mr. C. Z. Bi'NsmG said, that the hole had been found in the seam, 
but he did not know under what circumstances. 

Mr. Humble, Staveley, said, that in a case whicli he knew, to the 
west of Blaydon, there was an old shaft sunk to the stone-coal seam and 
partly filled up, and to relieve the water a borehole was pnt down with 
the intention of Iwring through from the stone-coal int«^ the five-quarter 
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■earn. After boring a longer distance than was noceEsarj to reach th« 
five-quarter, the hole vraa given up, When they got to the stone-coal 
Beam by driving np from the five-quarter, they found the rods had been 
diverted into an old heading in the stone-coal, and had passed along 
some ton or twelve yards i and it is probable that some of the rods are 
there to this day. The seam would be at an angle of 00 degrees with 
the old shaft. 

Mr. AiTEEN said, he had never experienced resalts so startling as that 
just related, although he had often seen greater deviations than that 
mentioned by the Chairman. For instance, he had knowu a borehole go 
out of a 12 feet shaft in 10 fathoms. If a borer has passed through B 
coal or ironstone scam, and deairea to re-bore the seam bo as to get another 
sample, he inserts above the scam a bar of iron or steel with a point 
sha[)ed thus, I ^., and having secured it in its place, proceeds to 

re-bore the metals below. No inconvenience arises from the bore going 
off at this angle. 

The Chaiiuian, in summing up the discussion, said, they must come 
to the conulnsion that when putting down boi-eholes on which much was 
depending, it would be very desirable to use the instrument described by 
Mr. Bunning. 



The Chairman — The next business was the discussion of Mr. Heniy 
Aitken's paper " On the Extraction of Oil and Ammoniacal Liquors in 
Coking Coal in Ovens," Perhaps Mr. Aitken had something further to 
say before (hey commenced the discussion. 

Mr. H. AiTKO said, thai in conformity with his promise he now 
supplied the analysis of the coal, the coke from which was exhibited at 
last meeting : — 
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(Signed) 

It may not be oat of place to observe that no a&aljsJE of coal gives 
any idea as to whether it is a coking coal or not, and he did not know 
any method of analyzing that would show this. The OTily plan seeras 
to be to test whether it does coke. These remarks apply to coals con- 
taining over "20 per cent, of volatile matter. 

Since the la£t meeting a gae pump haa been put on aa on exhauster to 
draw the gaaes from the bottom of the oven in place of the steam Jet, 
and a bubble-washer haa been added to assiet iu the extraction of the am- 
monia. A good many charges of coal of four tons four cwte. have been 
worked off (oven 10 feet 3 inches dia.) in from 82 to 36 hours, the yield 
of dry coke being 65"77 per cent., that of oil about 8^ gallonB per ton of 
coal, speciiic gravity 1,000, and the yield of ammoniacal water about 20 
gallons of water, two Twaddel. The coke made was, no doubt owing to 
the high heat, in somewhat smaller pieces, but it was harder coke than 
any produced irom ground or amall coal. The analysis of the coal used 
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The yield of coke here giveii is 68-83 per cent. The usiial yield as 
per previous BDaljsee of this coal is S6'52 per cent. 

In coking this coal in the ordinary 10 feet 3 inch diameter bee-hive 
ovens the usual time taken with a three tons four cwte. charge is 80 
hours. The time taken with this oven with charges of four tons four 
cwts, waa from iJ2 to 36 honrs, thus doing the work in one-third the 
time taken by the ordinary oven. No charges have as yet been worked 
off with only three tons four cwts., but it will not take ranch more thaa 
24 hours to complcti^ the coking of such a charge. 

Mr. AiTKEN said further in reply to Mr. Hedley and the Chairman, 
that the cuke was harder by his process than by the oi-dinary ovens, and 
retainc<l its silvery appearanec. AD that was required waa a fan or pump 
to exhaust the gases, and condensers to cool them to the temperature of 
the atmosphere. The ordinary arrangements in nse at gas works to 
absorb the ammonia would do, and it could, if made lai'ge enough, be 
applied to a row of ovens. He thought the advantage of the arrange- 
ment was, that by its use, coke could be mode that was suitable for all 
purposes, and at the same time the whole of tiie oil or tar ammonia 
would be separated, whereas in all the systems of coking that he had ever 
seen, by which tt was attempted to get (.'ithur ammonia or tar diuring the 
process of coking, the coke had beea deteriorated and rendered unfit for sale. 

Mr. I). P. MoRiBON asked Mr. Aitken if he cotdd give any idea of the 
saving per ton of coke effected by his process, as this would facilitate the 
consideration of the subject on economical grounds. He could easily nn- 
derstand that if the ammonia and other products of distillation conld be 
taken off and utilized, it must be a matter of very great moment indeed, 
provided it was not accompanied by too expensive machinery, and if Mr. 
Aitken could give them any information on that subject it would help 
them to consider the question usefully. 

Mr. Aitken said, he was hardly in a position to answer Mr. Moriaon, 
bnt there was another point which possibly he should have attended to 
before, and that was, that in making the coke and taking off tlie gases. 
they largely increased the yield, and invariably obtained within two or 
three per cent, of the theoretical result. This was not done with any 
beehive oven that he had ever seen. The value of the oil obtained was 
over threepence a gallon, and as they hod been getting eight to nine 
gallons per ton of coke, that was about two shillings a ton gained in this 
way alone, and they had the value of the ammoniac«l water over this, 

Mr. Beeckon said, that still left them rather in doubt as to the gain 
per tun of coke, after the e.vpensc and every other disadvantage had been 
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taken into account. Now, if a gain of something like a shilling a ton in 
the use of this arrangement conld be obtained without deteriorating the 
quality of the coke, that would be at once a strong incentive to take np 
the invention and proceed with it as vigorously as jiOBsible. With 
regard to the percentage of coke obtained (between 53 and 54 per cent.), 
he thought there were gentlemen present who were aware that coke ovens 
had been in use for many years in the county of Durham that had con- 
stantly yielded from 60 to (i6 per cent, of good marketable coke, therefore 
the system here presented did not pretend to gain much in this respect, 
bnt they had a great deal to look forward to with regard ttj the utilization 
of the products. It was a very useful and practicid idea in connection 
with the new proceaa to take back the gases and put them into the dome 
of the oven to asaist the necessary combuHtion, in order to pi'oduce an 
excellent coke. If that coiUd be accomplished, and the ammonia and oils 
utilized, he could easily see that that was a matter <.>{ very great moment 
indeed to coke manufacturers in the county of Durham. 

Mr, AiTKEN asked pennission to point out to Mr. Breckon that he 
had evidently overlooked the fact that whereas Durham coal yields (in a 
retort) somewhere between 70 and 75 per cent, of coke or thereabouts, 
Scotch coal does not yield more than Irom 50 to t>5 per cent. Now, he 
conid obtHiii with the pateut oven within 2 to 3 per cent, of the yield got 
by a retort, whereas the ordinary ovens did not reach it within 10 or 15 
per cent. 

Mr. D. P. MoRiaON said there was one other point which should be 
very carefully looked into, that was, the time occupied in bnrning. If the 
reduction of the tune in burning was, first from 80 hours to 62, and then 
again from 62 to S2, he thought it followed that there must be a very 
considerable economy indeed in that respect, in addition to the assumed 
value of the pi-oducts obtained by distillation. 

Mr. AiTKEN said 32 hours was the very Bhortest time they had accom- 
plished it in. In 36 hours they had done it several times ; and at 82 hours 
the temperature was (ae was naturally to be expected from the rapidity with 
which the work was done) intensely high, and he thought tliat for tliis 
reason it would be better to fix the process at 60 hom-s. 

The following figures will show bow the profit and loss account would 
stand in working such ovens as have been described. These figures 
are not all from actual estimates, but are approximations as near as can 
be arrived at, without actually taking in estimates for the work to be 
done. The estimate will be liased upou the expense newssury for the 
erection of 50 ovens on the ulw plan in the Cnunty of Durham. 
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SO ovens, 11 feet diameter (£55 per oveii), nith rail- 
wayB, blowing engine, boilere, buildings, air heators, 
pipes, eihaoster, condenserB, Bcmbbei'a, etc., will coat 
say £8,01)0 erected, 15 per cent, upon this outlay ... £1,:;U' 

Extra attendance per annnm 1:^' 

Oil, furniBhingB, etc 10' 



£1,420 



These 50 ovens will coke 3 tons of coal each per 24 hours, or 1 50 
t*»n8 per day, and they will produce !' gallona of oil per ton, 1,35lt 
gallons for which :id. per gallon, without liarrela, have been offered, takiug 
however, for safety S^d. per gallon. 

This gives £14 1 3 

The ammonia water is probably worth Is. 3d. to 

iB. Cd. per ton of coal coked, but say Is, per ton 7 10 



Together 

Which, multiplied by say 280 working days in the 
year, gives 

To tliis has to be added the increased yield of coke 
which is estimated at from 8 per cent, to 1 5 per cent., 
say however, that 70 per cent, is got in place of 
65 per cent., the extra coke thns got will be 2,100 
tons at 10b. pertf>n 



£21 11 8 



£7,087 10 



) 



It is to be kept in mind that ovenB worked bo rapidly, and at snch ■ 
high temperature will reqnire more repair, but the above would leant 
ample mai^n. 

Further, the only coalB which have been used are Scotch, other coola 
would require to be tested before adopting the process elsewhere. It ia 
also to be kept in view that for the production of the amount of coke 
which the above 50 ovens would make, there would be required about 
125 ordinary ovens. These would cost at £55 each, £6,875, so that the 
extra outlay for the new ovens, with all the necessary appliances, would 
only be £1,200 more. 

The Chaikhan did not think there was anything more to ho said oo 
the subject. He begged to propose a vote of thanks to Mr. Aitken for 
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having kindly come all the way from Falkirk to resume the discussion of 
his paper. He felt sure that if such results as Mr. Aitken stated had been 
attained with his experiments in Scotland, and it could be carried out 
successfully in the same way here, it would speedily be applied. 

Mr. Breckon seconded the resolution, which was unanimously carried, 
and the meeting terminated. 
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PROCEEDINGS. 



GENERAL MEETING, SATURDAY, MAY Ibt, 1880, IN THE WOOD 
MEMORIAL HALL, NEWCASTLE-UPON-TYNE. 



G. C. GREENWELL, Esq., Pbesidbitt, nr thb Csaik. 



The Secretary read the minutes of the last meeting and reported 
the proceedings of the Council 



The following paper " On Safetj-Hooks," by Mr. William Logak, 
was then read : — 



• • 
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SAFETY-HOOKS. 



Bk WILLIAM LOGAN. 



In the month of December laat year a letter waa addressed by the various 
Inspectors of Mines, at the instigation of TTer Majesty's Setsretary of 
State, to every manager of mines, drawing their " attention to the inven- 
tions for disconnecting in case of overwinding, snch bh arc now in 
successful use at many collieries," and expressing a hope that, " if such 
appliances are not already attached where they are applicable at your 
mines, you will kindly give the subject your earnest consideration with 
the view of having them applied." 

From this it would appear that the Inspectors of Mines are now 
unanimous in recommending the adoption of safety-hooks, and it may 
possibly be that in a short time they will ask for means to enforce then* 
adoption. It ia in view of this that the writer has been induced to 
prepare a paper with the hope of elucidating the opinion of the members 
of this Inatitut* on the subject. 

The Inspectors of Mines have not always been unanimous on the 
subject, as the late Mr. John Hedley, in his report for 1863, says: — 
"They cause a false feeling of security, and the ropes, chains, and other 
portions of the winding tackle are neglected through the reliance placed 
on the so-called 'safety-apparatus.'" And Mr. Ralph Moore, in his 
report for 1878, referring to an accident from overwinding, says; — 
" Notwithstanding this accident, I am not prepared to advise the adoption 
of any of the various so-called ' safety-hooks.' " 

The other Inspectors, when commenting on accidents from over- 
winding, have, however, from time to time recommended their adoption. 

For over twenty years safety-hooks in some form or other have been 
before the public, and every inventor of a safety-hook claims that by the 
use of his hook lives have been saved ; but as no reliable data exist as to 
the number of lives saved except that published by the inventors them- 
selves, and as such data must be taken cum gram talis, the writer refrains 
from giving the numbers. 

There are also no accurate data as to the number of overwinds that 
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take [jtace.foraltliougU au act of overnindiQ^ may cause great destnicdua 
of property, it is only when an accident occurs fatal to human life that 
the fact is recorded, and, up to the end of 1872, only at those mineB 
which were under (Jovemment inspection. Since 1872 the field of 
inapection has been enlarged, and there is now a full and reliable record. 
The Minea Inspectors' reports, beginning at 1855, have been carefully 
examined, and they show the following number of lives lost by over- 
winding : — 



1870 to 1874 
1876 to 1879 



And these may be elassijied as Inllowe :— 

1 

Oulu Ut 

1. Defect at engine, tluottle valve itioking. cnuik i^n 

breaking, inaniHcUnt brake power, etc. ... 
3. Defect ut indicator not ebuwiug poiitiun of load ... 

3. Attention of engineman withdrawn from engine by 

penons in engine- bouM 

4. Incompetent enginenmn 

5. Engine reversed and cage drawn wrong waj 

6. Fault of cnginenmii omitting to atop load at proper 

7. Callapio of lafetr-book, or failing to act properl; 
6. Cage lowered into >uinp and occnpants drowned ... 
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Thus, omitting No. 8, 98'88 per cent, of the lives lost would have been 
saved by the adoption of efficient safety-hooks and other appliances. 

Previous to the Mines Inspection Act of 1872, coal was the only 
mineral of which an accurate account was kept, and the writer has only 
been able to obtain reliable returns commencing in 1864, and these show 
the following results : — 



From 18G1 to 1872 inclnaive .. 966,119,982 

Or one life lost for every 16,109,989 tons of coal worked. 
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The details from 1873 are much more coinprehensive, and may be 
given fiilly as follows, embracing as they do the whole of the United 
Kingdom : — 



I 



Y«r. 


KlnmllUlKid. 


pBiMiii BnnilofBd 




1873 


Tdiul 
143/>41.2-ie 


407308 


5 


1874 


140,713,833 


428^1 




1875 


147,700,313 


427.017 




1876 


148,989^t85 


409,229 




1877 


147,84fi,260 


395,025 




1878 


154,798.138 


362,979 


14 


1879 

TotaU 


145366,869 


385,179 




1,028,465,548 


2.836fl48 
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So that from the causea previondy enumerated, there is one life lost for 
every 23,878,983 tons of mineral raised, and odc life lost for every 
6i,451 persons employed. 

It will, of courae, occur to every one that a portion of this mineral is 
not raised by vertical shafts, but is produced by adits, and that the tons 
of mineral raised per life bat is greater than the actual quantity ; but 
it is also kuown that the quantity of mineral raised otbenrise than by 
vertical shafts is small compared with the whole quantity, and the 
writer veaturea to state the approximate actual quantity as one life 
lost for every 20,000,000 tons of mineral raised during the last suven 
years. 

The number of windings that take place to lower and raise tlie 
persons employed undcrp-ound can also only be arrived at approximately, 
and the writer aBsumes an average of six persons descending and ascending 
in one cage (and this he considers a high average), so as to allow for the 
nomber of persona who do not descend or ascend in cages where the 
mineral is not got by vertical shafts, this gives 64,451 persons divided 
by six, and this doubled for the descent and ascent, and multiphed 
by 250 working days a year, makes ooe life bat for about every 
8,500,000 windings of persons employed underground during the last 
seven years. 
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For the ]nirpoee of preventing tlie loss of life, deatruction of property, 
stoppage of work, etc., numerouB iDventions have been broagfat to the 
notice of the public, aad, for the purpose uf invil^ng diBcussion oq the 
Berenil apptiBncea, the writer will proceed to describe them in detail. 

BBVHAM'S HOOK. 

Thia hook has now been in use for upwards of twenty years, and was 
the invention of Mr. John Bryham, of Roaebridge Colhery, Wigan. It 
belongs to the claBs of simple detaching hooks, and its action will be seen 
in Plate XXXIV, {Figs. 1, 2, and 3), which represents the hook in ^nt 
and side views ; A A represent two wrought iron plates, forged with slot B, 
to receive the shackle C, as shoivn in Fig. 2, to which is attached the 
cage ; D is a wrought imn disengaging plate turged with the slot E. as 
shown in dotted lines, and fixed between the plates A A ; it is kept in its 
working position by a small brass pin F ; G is a wrought iivin plale of 
sattable size, fixed in the head gear framing, with the rope working 
through it, and cansequcntly when the c^e is raised too high, the hook 
being attached to the rope ifi drawn through a circnlar hole in tbe plate 
of such a diameter as not to allow of the hook passing through it withont 
first shearing the brass pin F, pressing in the platfl D, and removing the 
shackle with its load from its working position into the slot B, and thus 
disconnecting it. To prevent the cage from falling down the shaft after 
detachment, catches are fixed in the guide rods and so arranged that 
the cage in ascending raises the catches, and immediately it has passed 
them they fall into their original position and receive the cage after 
detachment from the rope and hook. 

KNOWLES'S HOOK; 

The invention of Mr. Israel Knowles, of the liiue Hall Collieries, is 
also a simple detaching hook, and its action will be seen by reference to 
Plate XXXV. Fig. 1 is a front view, and Fig. 2 a side view of the hook 
when attached to the rope and cage ; Fig. 3, shows the hook after de- 
tachment has taken place. As in Bryham's arrangement a wronght iron 
plate with a circular hole is fixed to beams in the head gear to cauae de- 
tachment. 

The rope is attached to the pin A ; B B are wrought iron plates forged 
with a slot : D is a wronghfc iron disengaging plate kept in position by 
the copper pin E. and disengagement is effected by the wing of the plate D 
being unable to pass through the circular hole of the plate fixed in the 
head gear without shearing the copper pin E, forcing the pin F into the 
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alot C, and so releaeing the rope. Safety-catches or keeps are placed in 
the guide rods to receive the cage after detachment. 

Having described two liooks, wliich are simple detaching hooks, the 
writer will now proceed to deticribe hooka which aim at not only being 
detaching hooka but which are so conetructed that alter the rope is 
released they suspend the cage without the aid of catches or keeps. 

KING'S HOOK: 

The invention of Mr. King, of Pinxton, Derbyshire. Plate XXXVI., 
Fig. 1 and 2 represent a front and a side view of the hook in working 
■. order ; it is aelf-detaching and aclf-BUBpending, not only detaching the 
V)pe but suspending itself at the moment of detachment with the cage 
arteched. Fig. 3 represents the hook when detached and suspended on 
the^catch plate, which is securely bolted on to two strong timber or 
girder beams iu the head gear. The catch plate has a circular hole 
throngh which the rope runs. 

The hook consists of a framework of two outer plates, A A, between 
which are fixed two lonci' plates, B B, so as to oscillate about a strong pin 
C, which goes completely through all the plates ; the four plates being 
for the greater part of their length of exactly the same width. 

The winding rope is attached to the top shackle F, and the cage chains 
to the bottom shackle J at the lower end of frame A A, which is made of 
uniform width throughout, with the exception of the projections K K at 
the bottom, so that it easily fits, and can freely enter the ring in the catch 
plate, but not pass quite through it. 

Each of the plates, B B, is a fac-simile of the other, having the top part 
G G shaped as a hook, which entirely overlaps and takes a firm hold of 
the shackle pin L, the lower part being feathered out on one side D D. 
It will thus be seen* that when set in the framework in opposite directions 
on the pin C and shut together, they form a double hook at the top, and 
the pin baa no tendency to slip out owing to the slight curve of each jaw. 

As an additional safeguard a copper pin H, three-eighths of an inch 
diameter, goes throngh all the four plates. 

In ordinary work the weight of the load carried by the hook is com- 
municated to the rope by the bottom shackle J and pin P through the 
outer plates or framework A A, the pin C and the hooka G O of the inner 
plates B B. 

In case of oyerwinding the hook passeB np through the drcnlar hole 
of the catch plate fixed in the head gear ; the two wings D D of the inside 
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plates which project beyond tlie tramework are forced iiiwardfl by coining 
in contact «ith the catch plat« 0. the piu II being oheared into four parte, 
and the jaws at the top gradually separated &om each other until the 
shackle piu L can escape between the inner pointa. The rest of the motion 
is aamsted by the escape of the pin of the rope shackle between the 
inclined noses of the jaws G G, while the hook and load are left hanging 
on the catch plate supported by the two catohea E E, which were forced 
outside the framework by the same action which released the rope. 



KING ASD BUMBLE'S HOOK. 

King's hook, as improved by Mr. Stephen Humble, of Derby. This 
hook is represented by Plate XXXVII., Figs, 1, 2, and 3, and in con- 
struction and action is almost identical with King's hook prerioasly 
described, except in the details which will be folly noticed. 

Fig. 1 represents a front, and Fig, 2 a side view of the liook as in 
actual working order. It la a seif-detachiug and self-suspending hook. 

Fig. 3 represents it when detached and suspended on the catch plate. 

The hook consiste of four plates, viz : — Two outer A A and two inner 
D D, which oscillate about a strong pin J. 

The differeuce between this hook and the one previously described ia, 
that the projecting wings are dispensed with, and a collar B is eubstituted, 
which goes completL-ly round the plates, and ia held in position by two 
copper pins, N N. In the collar is placed a loose pin E, which passes 
completely through both the collar II and the four plat«B of the book. In 
each of the outer plates there is a vertical slot I, and in the inner plates 
grooved slots F F. 

In ordinary work the weight of the load carried by the hook is com- 
municated to the rope by the bottom shackle 0, pin P, side straps Q, the 
centre pin J, and the hooks K K of the inner plates D D. 

When an overwind occurs, the hook passes into the ring or catch plate, 
and the collar B in which is the pin E, come* in contact witli the catch 
plate C, and as the hook is still drawn upwards, the natural result is that 
the collar is pressed down, shearing the copper pins N N ; and the inside 
plates D T), being actuated by the pin E in slots F F, are forced open, 
releasing the rope shackle, and the hook with its load is left snspended on 
the catch plate, by the two Mtches M M of the inside plates which are 
Bofficiently strong to hold the load attached to the hook. 

In King's hook (Plate XXXVI.) it wili be noticed there is jnst suffi- 
cient space for the catch plate to rest between the wings D D, and catches 
E E, and in King and Humhlc's hook between the collar B and i.atches 
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M M ; consequently it ia believed to 1« impoBsible for either hook to 
detach itaelf until drawn eufRciently far through the circular hole in ihe 
catch plate, and this is effected either bj a quick or alow overwind. 

Another point of imiwrtance is that the hooks being overhung, that is, 
the pina C (Plate XXXVI.) and J (Plate XXXVII.) being above the 
catches E E and M M (the faces of which when first amerging from the 
frame are inclined upwards towards the centre of the hook) the moment 
the catches gain the slightest hold upon the catch plate, the safe suspen- 
sion is practically accompUshed; for the weight of the load will then tend 
to force the catches out to their full extent, and there is not any chance 
of the hooks again closing. Until this point in the action of the hook 
is reached, their tendency is not to open, hut to keep ahut, on account of 
the gradual curve in the inner plates clutching the rope shackle pin L. 

The other points claimed in these hooka are the gradual and simple 
nature of their motion, and the great aimplicity both of the hooks and 
catch plates, while the catching pointu E E and M M, owing to their 
vertical depth are exceedingly strong. 



ORMEl{On'.« HOOKi 

The iEvention uf Mr. Edward Ormerod, of Maniihester, first patented 
in 1867, but since improved by the lengthening of the middle plate to 
fecihtate re-attachment. 

This hook as will be seen by Plate XXXVIII. also belongs to the 
class of plate hooks, and the inventor claima for it that the strain is not 
transmitted from one plate to another, causing a shearing strain on the 
pins ! but if perfectly made, the strain is through all the plates from end 
to end. 

It is alao a detaching and suspending book, and instead of using a 
catch plate on which to support the load aft«r detachment takes place, a 
cyhnder is used. 

Fig. I ia a front view of the hook. Fig. 2 ia a side view, and Pig. 3 
represents the position it assumes after detachment of the rope and sus- 
penaiou of the load with the hook on the cylinder. 

It will be seen that the hook is formed of three plates, and when in 
ordinary use, as in Fig 1, is wider at the bottom than tb« top; but in the 
event of overwinding the hook is drawn into the bell-mouthed cylinder 
F F (Fig 3), and the wide parts of the hook at H H, coming in contact 
with the inner side of the cylinder, are pressed inward, while the top 
parts are pressed- outwai-d, allowing the projections to catch over the top 
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of the cylinder. At the same time the rope efaackle A is forced oat of its 
seat and allowed to go free, while the bottom shackle B drops into the 
slot D and locks the hook firmly in ita position. 

To prevent the plates being disarranged in ordinary working, a copper 
pin P is inserted through the plates, which keeps them in position and is 
sheared through as the hook passes into the cylinder. 

To facilitate the lowering of the cage after detachment, the shackle A 
is attached to the ear of the middle plate as shown in Fig. i. On removing 
the pin C andslightly winding the rope, the middle plate — haringaslotted 
hole for the pin — is elevated Into the position shown, and allows the hook 
to pass down throngh the cylinder ; the cage is safely lowered on to the 
keeps and re-attachment takes place. 

THE OBANOE HOOK. 

This hook is of recent construction, and is being manufactnred by the 
Grange Iron Company, Durham. It consists of three plates planed true 
on the inner sides {Plate XXXIX.); theroiddleplate A U> which the lifting 
shackle B is attached, has two projections to prevent the hook being 
drawn through the plat«, and the distance between the projections and 
those on the two out«r plates is the least possibie, so as to give a minimum 
amount of fall when detached. The three plates are held together by the 
centre bolt 0, to the projecting ends of which a double hook or claw ia 
attached to lift the hook and cage after detachment, and refii the rope 
flhackle D. The two outer plates are held in position by the copper rivet E. 

Figs. 1, 2, and 3, represent a seven ton hook, Fig. 1 shows the hook 
ready for detaching, and Fig, 3 after detachment. The bolt F during 
detachment drops down into a groove and prevents the plates re-adjusting 
themselves by the shock, and falling throngh the retaining plate G. 

WALKER'S HOOK. 

This hook belongs to a different class to those previously described, 
and is also detaching and suspending ; it was invented by Mr. William 
Walker, of Saltburn-by-the-Sca, and has been in use since 1871. 

Plate XIj., I'ig. 1, represents the hook closed and attached to tha 
rope, the cage being attached to the bottom link B. 

Fig. 2 shows the hook open and anchored on the cylinder C after 
detachment has taken place. 

The Ufting rope is attached to the shackle A, and the load to the 
connecting link B. 
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TheBopportingring C (tliruugh which Ihe rupe is wjiiHtantly working) 
is a fixture in a baulk of timber, or iron girder, at the pit top. 

The hook cunsiets uf a pair of jawa, D D, working on a centre pin, E, 
in SQch a manner that the weijjht of the load has a tendency to open the 
upper limbs, which clip the strong centre pin of the shackle A. The upper 
limbs are formed externally with jaw hooka, F F. The jaws are kept 
together, and made to retain the shackle pin by means of the clamp H, 
which is held in position by the copper pins 1 1. 

In case of ovenvinding, the jaw hooks {held together by the clamp) 
pass freely into the ring C, bnt the projections K K of the clamp coming 
into contact with the bottom flange of the ring, hold the clamp stationary, 
while the jaws are being pulled through, the result being that the pina 
1 1 are sheared off, and the jaw hooks released from the restraint of the 
clamp. The internal diameter of the ring being the same as the width 
acroBs the jaw hooks, F F, the rope remains secure until the jaw hooka 
reach the top of the ring, wheu, by the action of the weight of the load, 
they are forced open, and bo hook on to the top of the supporting ring C, 
as shown, the rope passing harmlessly over the pulley. 

The recess 0, in the ring C, is intended to meet an im^inary case 
that experiment shows to be almost impossible, namely, that if the engine 
18 reversed after the pins I I are cut, and before the hooks reach the top 
of the ring, the jawa will then hook into the recess, and the load remain 
Buspended in perfect safety, 

It will be observed that the upper edge of the ring C is curved to 
match the sweep of the jaw hooks when opening. By this arrangement 
all shock is avoided. 

The size of the pin of the shackle A is so proportioned that, in leaving 
the jaw hooks, tht'y are opened by it on to the full hold of the ring, pnd 
the clamp H at the same time coming donn on to the lower limbs, locks 
the hook securely on to the ring. 



WALKER'S IMPROVED HOOK. 

Mr. Walker has recently improved his hook in the manner shown in 
Figs. 1 and 2. Plate XLL 

Instead of the cylinder, a catch plate A is substituted, and four copper 
pins B B, B' B' are nsed. A square hole is cut in the clamp C, and the 
clamp kept in position by a tongue and the two upper copper pins BB, and 
detachment cannot take place until not only the two upper cupper pins B B 
are sheared, but also the two lower copper pina B' B'. The clamp C is forced 
do*-n by coming against the catch plate, expanding the upper jaws and 
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pressing in the lower limbs. On the inside of the clamp C, and on the ndea 
which move down the outer edges of the lower limbs, feathers of brass. E E, 
are Beciirely fixed, which facilitate the movement of the clamp downwards, 
and are so shaped that when the clamp C is in the position shown on Fig. 
4, it locks the hook and keeps the jaws pro|wrly expanded. To preTcnt 
too much cxpansioiiof Che Btispcnding jaws, a stnd D is tixed tu the inner 
side of one of the lower limba. 

It will also be obacrred that in the original hook the clamp was not 
prevented from coming down on to the lower shackles, but in the improved 
hook this is entirely prevented. 

The outer ebapc of the clamp is much bett«r in the improved hook, 
and the projections K K in the original clamp are done away with. 



RAMSEY AND FlfiHER'S HOOK, 

The invention of Mr. Ramsey, of Castle Eden Colliery, in the county 
of Durham, is also a detaching and suspending hook. Patented in 1876, 
it has not been long before the public; bntasDow manufactured, it merits, 
from its peculiar construction, carefdl notice, 

Twoindepcndent jaws, AA, Plate XLII., are contained in a boi of great 
strength ; they are separately hung on the bolts BB,and separately actuated! 
and in ordinary working are kept firmly in pfjsition by means of the two keya 
C C, shown projecting slightly at the sides of the box. The keys reat npoa 
two copper rivets, D D; but they are BoconstrnctedaBtoeiertno presaare 
upon the copper rivets nntil an overwind take« place. When the hodt 
passes up into the strong cast-iron ring E fixed in the head gear, the two 
keys come simultaneously into contact nith the conical lower end of the 
ring, are pressed downwards, and by cutting the copper rivets, and premng 
the lower ends of the jaws together, they open the top ends so as to catcb 
npoo the ring, and release the shackle and rope. 

As the rope disengages it draws np between the jaws a wedge F, 
rivetted by a small copper rivet to the links G, on the top shackle. The act 
of cutting this rivet is sufficient to firmly fix the wedge between the two 
jaws, securely locking them on to the ring and making it abeolutelycertidn 
that the hook catches the ring properly, and perfectly impossible to shttko 
it olT again by any amount of jerking and shaking. 

The tops of the jaws are kept extra large, and a hole bored in each, as 
shown. After an overwind it is only the work of a few minutes to couple 
a shackle on to each jaw, knock down the wedge, and, by tightening tlie 
rope with the engine, dose the jaws and lover the cage safely on to the 
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keeps. By pkciog a little tallow or grease round the edge of the box the 
working parts are effectually protected from all damp atid kept in perfect 
order, ready for action. 

Each jaw being separately actuated, and it being necessary that both 
keys should be struck and both riveta cut before disengagement takes 
place, it may safely be eaid to be impossible to disengage the load in 
ordinary working. The fall back is in no case more than one inch, and 
partial ovenvind cannot take place to disengage the hook, as the jawa 
ranst be in position to grip the ring before the rivete are cut. 

BOOTH AND SUanEN'S HOOK. 
This hook was patented so late as November, 1879, by Messrs. Booth 
and Sugden, of HoUinwood, near Manchester, and the writer has been 
supplied by Mr. Thomas Sugden with the following particulars. A draw- 
ing of the hook is given in Plate XLIIT., Fi^. 1, 2, and 3: — 

A box is secured by the usual D links to the socketing or capping at 
the bottom of the winding rope, and to the cage chain in this bos the 
hook or bar to be released is secured, the box being shaped out to re- 
ceive the same. In the hook there is a hole shaped out in which a stud A 
is inserted ; this stud carries the load, and has a bearing on each side of 
the bos, which is prepared to receive it. Below the hole a wing or wedge- 
shaped projection is fixed upon, or rather shaped upon, each side of the 
hook, the nings being thickest at the lower end, and tapering upwards. 

Immediately opposite the bearing stud, and in the same line nith it, is 
fixed another stud B, which is the forcing stud. 

Both studs ai-e kept in position by copper pins screwed into the box, 
and both are chamfered off on the lower edge so as to form an inverted 
V when together. 

The end of the forcing stud B project outside the box while the whole 
of the bearing stud is concealed within the box. 

Near the pulley is fixed a beam or beams, to which an iron casting, 
through which the rope passes, is secured. The casting is constracted to 
receive the box, and to detach the rope when the bos is drawn through 
the aperture which is constructed on one side with a tapered slot, having 
ite deepest part at the lowest edge, and on the other side with a correspond- 
ing projection. This is so arranged that the bos in passing through the 
aperture canaes the projecting part of the forcing stud B to come into coo- 
tact with the bottom of the slot, the forcing stud B being then poshed 
inwards into contact with the bearing stud A, which is thus forced out- 
wards, when the box has been draira through the aperture sufficiently 
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far, that the forcing stud ia dear of the top, both the fbrctng itnd and 
the bearing stud at their inside ends form together an inverted V exactly 
opposite to the hook. The hook being slightly naiTower than the bottom 
of the V. readily enters. The ends of the atuda are now Just clear above 
the aperture; the bon is held at this point by projections which prevent it 
from going through the aperture, so that tlie hook is drawn through the 
V, forcing the studs outwards to a distance suificient to project bo far over 
the sides of the aperture as to hold the cage securely in position. 

After disconnection has taken place, the rope can readily be connected 
by placing the hook in the box and forcing the studs back, bo that 
it will again descend throngh the aperture. This is done by means 
of screws placed at the top of the aperture for that purpose. The 
lowering of the box throngh the aperture forces back the studs to their 
original positions, and winding can then proceed as usual. 

If tlie rope comes to a position of rest when the box is in the aperture, 
and afterwards be made to descend, in descending the projection in the 
aperture forces back the studs to their working position, so that the hook 
quite the aperture in exactly the same condition db it enters, thug ob- 
viating accidenta from what is known as partial overwinding. 

This hook is only applicable to shafts in which gnides are used, and 
cannot be applied to a sinking pit. 

FORSTER AND ROBINSON'S HOOKS. 

The invention of McsarB. Forster and Robinson, of the Water Works, 
Newcastle-opon-Tyne. 

The writer has carefully examined a model of one of their books, and 
a drawing of another, and hopes to be able to furnish drawings and details 
at a future time. 



The writer might have added, had he thought it would serve any 
good purpose, descriptions and drawings of other hooks which have been 
brought under his notice ;* but as they did not posaess any feature of 
special interest, and were in his opinion defective in design, he has not 
done BO, and he proposes now to offer a few remarks on the hooks noticed. 

Bryham and Knowles's hooks belong to the class of simple dctnchiag 
hooks, the principal difference being that in Bryham's the hook goes with 
the ropo, and in Knowles's it is left on the cage top. They an both good 

■ Oilii-i huuk* liave bean iUiutntvd iu ViJ. XIX., Apiciidlx I., of Ibt InHllM* 
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hooks, and with the aid of safety-catches in the receiving rods they have 
done good sei'vice, and poiut to what a large number of jieople consider aa 
a necessity, even along with detaching and snapending hooka, namely, 
receiving keeps, or suspendei-s, in the head gew, and this is espedally neces- 
sary in the caae uf a very rapid overwind. When in use along with a 
detaching and suspending hook, they arc designed to meet the possibility 
of mther a collapse of the hook or the breaking of the cage chains by the 
sydden shock to the hook and chains, caused by the momontum which the 
' >ge has acquired by its upward velocity, carrying the cage upwai'ds, after 
f the hook has done its duty and released the ropc; and a fear that in falling 
back the chains or hook, or some part of them, might give way. To take 
the shock off the cage, chains, and hook, Mr. Stephen Humble has invented 
what he calls a " Patent Safety-Cage Suspender," which meets all the re- 
quirements of the case. 

King's and Ormerod's hooks have been before the public for a con- 
siderable time, and have answercd the purpose fur which they were intended 
very well; but the writer thinks that King and Ilumble's book ia superior 
to either. 

The " Grange hook," which also belongs to the same class as King's 
and Ormerod's, is of recent construction, and has not yet been severely 
tested in actual practice, but considering the careful way in which it has 
been proportioned and cunatructud, and the great strength of plate over 
the top shackle bolt, it cannot fail to take a good position. 

Walker's original hook has now been before the public for some ycarsj 
but the writer thinks liis improved hook a considerable advance upon it, 
not only fi'om the improved locking, the absence of wings in the clamp, 
and the preventing of the clamp falling upon the lower shackles, but as 
being generally a better hook in every way. 

Ramsey and Fisher's is especially good in design, and although ap- 
parently complicated, is exceedingly simple and sure in its action. 

Objection has been taken to the use of safety-hooks on the ground that 
they may make the engineman careless, but this is not a valid reason. 
It ought, however, to be a rule that whether safety-hooks are applied or 
not, the engineman who makes an overwind, except when testing the hooks 
under direction, should be fined or dismissed. 

Another objection to their use is, that the distance between the flat 
sheets and pullies ia lessened by the fining of baulks or girders to carry 
the detaching apparatus, and that it is probable, had there not been such 
apparatus, the engineman who started his engine the wrong way would 
have had a greater distance in which to correct his miatake. The number 
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of livoa loBt from this cause, as has been alrondy Bhown, is exoeeding-ly 
Bmall, and these would have been aaved bad safety-hoolcB been applied. 

There is also another objectiun made on the ground that somethiug 
might full down the shaft when tlie load was running and cause dctach- 
meot. This, although possible, ia met bj the fact that hooka ore now 
made which have such very alight projections that it is very remotely 
probable they would be struck; and further, even if one side was atmck, 
it would not cauae entire detachment. 

Safety -hookB are only a portion of the colliery machinery, which on^bt 
at the same time as the ropes and chains to be carefully examined, and if 
this is done, there is no more risk in naing a safety-hook than in using an 
ordinary shackle, and by their use many lives and mnch valuable property 
will be saved. 

There is one part of the inquiry which the writer has left out for want 
of reliable information, and that is the amount of dead pull necessary to 
detach any of the safety-hooks described, and as he thinks it a matter of 
importance he trusts that the subject will Iw taken up by some other 
member or a small committee appointed by the Institute. 

The points to be ascertained are — 

1. The dead pull necessary to detach the hook when new. 

2. The dead pull necessary to detach the hook after it has been left 

in a condition to represent working in a wet shall fir a definite 
period. 

3. The dead pull necessary to detach the book alter it has been left 

in a condition to represent working in a hot and htimid upcast 
shaft for a definite period. 

In conclusion the writer begs to express his thanks to the variuoB 
inventors of the hooks described for the information supplied, and to the 
Secretary of the Institute for extracts from the Mines Inspectors' Bepotia. 



The President said, he was sure they were all very much obliged to 
Kr. L<^n for the interesting address ho had given to them upon the 
important subject of Safety-hooks. He would be very glad lo hear any 
remarks which any member might have to make. l'erhnj« a general dig- 
cussiou would be better postponed until the paper was iu the hands of the 
memben. 

Hr. D. P. Mo&iBOS thought the subject which had been brought before 
them waa one of great importance, and had received fidl justice at the hiiDda 
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of Mr. liOgan. That gentleman hud evidently taken great pains with the 
paper, and had gone into nearly every detail they required on the subject. 
There were one or two points in the paper which he would like to commeni 
upoD. Mr. Logan mentioned the fact, that out of the whole body oi 
GovemEoent Inspectors, there n'ere only two who at all objected to the i 
Bafety-hooks. One of these (Mr, Hedley) he was sorry to say was nol 
alive, but he believed that Mr. Eedley's opinion was given before the 
iotroduction of aafety-hookfi aa now improved, so that perhaps his opinioo 
might now have been modified. He thought be was at liberty to say that 
Mr. Ralph Moore now recommended safety-hooks in collieries under his 
control, and it might be said that the whole of the Inspectors in their 
reports had shown that some action should be taken by the collieries, 
and that the Government also appeared to desire tbcir iise. He observed 
that out of the total loss of life in the shaft 99 per cent, might have been 
saved by safety-books; and that of itself was a point which should be 
brought before the public. He would further remark, that although no 
particulars are taken down as to the lose of property which occurs through 
the absence of safety-hooka, yet he believed that a great deal of property 
had been saved by their use. 

The President thought there were safety-hooks of a somewhat earlier 
date than those Mr. Logan had described. He himself had a small model 
which had belonged to tiie late Mr. Matthias Dunn, which was very old. 

Mr. Stephen Humble said, King and Humble's hook had been tested a 
great many times, yet he would be most pleased to supply one or two hooks 
to any colliery in the immediate district for the purpose of trying them 
before a committee of the Institute, in the manner which Mr. Logan 
suggested, and he hoped that all patentees or makers of hooks would do 
the same. 

Mr. I). P. M0RI6OS said, that Mr. Fisher, who was present, but who was 
not a member of the Institute, would make exactly the same offer either 
to a committee or any private colliery which would like to make the test. 

Mr. Lawbbncb said, that he had applied an hydraulic weighing 
machine to the hook made at the Grange Ironworks and found that in 
drawing the hook through the ring the strain required to shear the copper 
rivet, which was half-an-inch in diameter, was 75 cwts. He was not satis- 
fied wiih the flret experiment, but on repeating the trial the result was so 
nearly the same that he concluded it represented pretty accurately the 
force required to disengage the hook. This, he thought, would effectually 
remove the objection of those who thought that accidents might arise by 
any accidental sti-ain on the sbearingpattof thehook. In order to arrive 
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at data whereby hooka of tbia make cciuld be projurly proimrtioned. he 
made a Bcven-ton hook of thrive fiirged acrap iron platea and sent it to the 
registered teat, aud the two outside plates gave way across the bolt-hole 
forming the axis, at a strain of SB tons ; he then had one made of forged 
steel from the Attwood Steel Workn, Wolsingham, the same size in every 
way as the iron ones. When this was tested, the wrought iron shackles, 
which were of the same size as with the iron plates, gave way at 56 
tons. In reply to a qnesfcion from Mr. Hinnble, Mr. Lawrence said, 
that he wonld be very glad to give all the dimensions of the hooks and 
Bhackles to Mr, Logan, so that he could embody them in his paper. 

Mr. Stephen Huublr said, that he also carried out & series of tests at 
the Government Proving House at Tipton, for the purpose of ascertaining 
the beet material for making the hooks. He had a six-ton hook sent there ; 
the shackles were Ij inches in diameter, and all the pins of the same size. 
The plates were one inch thick and made of IJowling iron: another mads 
of Landor Siemen steel; and a third of beat Staffoidshire imn. The best 
Stafibrdshire plates broke short off through the hook at 31 tons, which 
Teiy much surprised him, and he inatantly discarded the use of Stafford- 
ahire plates. The Landor Siemen steel broke quite suddenly at -15 tona, 
but the plate was drawn out about one-eighth of an inch. Itnt with the 
Bowling iron, that portion of the hook in tension near the pin tore away, 
at a strain of 5-1 tons, sufficiently to allow the shackles to slip an'ay; the 
outride portion of the hook in com])rcB8ion did not give way in the 
alightest degree, consequently the hook was not separated entirely tvom 
the plate, and in couaeqaence of this experiment the hooka were now 
made entirely of Bowling iron. 

The Pkesidknt — ^Then Bowling iron is 20 per cent, stronger than 
Siemen's steel? 

Mr. Stephen Hdhble — So it would appear. 

Mr. Lawbe.noe aaid, that in futui'e he intended to have all the hooln 
mode at the Orange Iron Worka, tested to double the strain they wen 
intended to work under; and the testa he had described bad been made to 
enable him to proportion all parts of the taikle so as not to give nj 
nnder eight times the working strain. 

Mr. Stephen Huuble said, that this should always be done, and 
perhaps even a larger niaigin provided to allow for the eitra strain upon 
the hook at the moment of detachment, and he read a certificate from the 
Superintendent of Lloyds' Proving House, Tipton, showing that the inside 
plates of a sii-t<:>n hook which he hod sent there to be broken to deatniotirai 
fnctnred at m tons, and the pins and shaoklea bent nut quite ^ of ui 
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inch, thus proving that the breaking strain of his hooka were made con- 
BJderably stronger than nine times the working loa<l. At the Blackwell 
Colliery an experiment had been made in order to see what the weight 
of load wonld be upon the hook at the moment of detachment. A hydro- 
static weighing machine wae suapeaded from the bottom shackle of the 
detaching hook to the bull ring of the cage chains. The cage and load 
weighed five tons, and a selF-registering indicator was placed on the 
weighing machine to show what the strain would be in case of overwinding. 
The engineer was then told to start and overwind at full speed ; detach- 
ment took place, and the strain upon the hook indicated by the weighing 
machine was 10 tons 10 owts., or more than double the weight that was 
in the load. Objections were sometinieB made that hooks were likely to 
get out of order from rust. He thought this was a very poor objection, 
for as every part of the colliery plant should be thoroughly examined and 
cleaned from time to time and kept in perfect repair, why should the 
hook not be examined and repaired as well ? and he thought that this 
conld be done effectively if they were taken to pieces and cleaned every 
two months. 

Mr. Mit said, there waa one question which he would like to ask — 
whether they consider hooks safe in eaaes which ireqoently occur at col- 
liericB where different decks had to be loaded, and where the hook had to 
go down and lie upon the cage and then be drawn away again, and 
whether in these eaaes there waa not a tendency for the hook to come loose 
in the same way as it might do by anything falling down the shaft and 
catching the projecting flange or trigger ? 

Mr. Lawbbncb, in reply, said he believed that nearly every time 
the cage arrived at the bottom of the shaft the hook struck the roof 
of the cage, but he had never heard of any of them having become injured 
thereby, 

Mr. D. P. MoBisotT said, that Ramsey and Fisher's hook by itB box 
shaped exterior and small and independent projecting parts, would entirely 
meet the case put by Mr. May. No shaking or vibration upon this hook, 
and no blow of any deacription whatever, could possibly disengage it. 
All hooks which depend npon projecting plates were open to the objection 
that a blow upon any one of them had a tendency to shear the copper 
pin and disengage. Even if the pin was not sheared through, they had 
found in the case of the small models which had been exhibited and 
shown for some time that it had a tendency to bend, or to become 
marked in such a way as to become unsafe after a certain degree of 
work. He thought, therefore, that the question which had been pot 
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by Mr. May was a very pertinent one indeed; nnd he triifit«l that the 
whole matter wmild bo invratigated either by a committee, or at some 
colliery where the proprietor migiht be induced to take the tronble of 
testing the dilferent hooks. He would also suggest that any lioleot 
test which the different hooks might have borne shonld be explained 
before that committee. He was informed, and believed it perfectly 
true, that the hook of Messrs. Ramsey and Fisber had been tested 
very severely, and it had been found that the rope, shackles, and every- 
thing had given way except the hook itself. He suggested that the 
inventors be asked to send in to Mr. Logau the results as a oontinaatioa 
of his paper. He would further advise that the points whieh e-ach different 
manufacturer claimed should be indicated. Mr. Lawrence, for the 
Grange Company, pointed otit certain advantages in his; Mr. Ormerod 
claimed othera, and so did Klessrs. Ramsey and Fisber ; and he had do 
doubt their friend Mr. Humble claimed a great many points alsoj and 
he ihoaght an addition embodying the results of these tests might be 
made to Mr. Logan's paper. 

Mr. LooAN said, perhaps they would permit him to make one or two 
remarks afler hearing the discussion wliicli had been going on. He was 
very careful in getting up his paper not to mention the materials of 
which any one of the hooke were composed, aimply because when they 
made up their minds to buy any particnlar book, it was the duty of the 
mining engineer to see that the hook was constmcted of the very beet 
material whieh could be got, and this the mining engineer was perfectly 
capable of doing. Mr. Humble thought the hooks ought to be examined 
every two months at the collieries, and that where this was done there 
was really not much danger. In answer to this, he would refer to a report 
on a plate hook at a colliery in South Durham, which is changed trery 
month, when it is generally found that it is necessary to renew the large 
bolt in the centre and the copper holt, to rime and square out the holes, 
and to chip the plates level. 

The PRE.tiDEyT asked if in the case of upcast shafts, where there was 
moisture, there was not risk of some galvanic action taking place between 
the copjjer pin and the plates ? 

Mr. LooAN said, that if the tesU which he suggested, aud other 
tests which might suggest themselves to the proposed commitUw were 
carried out, this point along with others would be setLled. 

Mr. Stephen Humble said, of coui-se there were exceptions to overy 
rule ; aud iu such shafts it was only ueccssary that the hook shonld be 
examined more freiiucntly ; he also alluded to the unfaimue of sutne 
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collier; eogineerB using hoolcs tor a larger strain than tliat fur which 
they were constrncted — in aorae caaeH making it carry double the weight — 
in such case, it was not the fault of the detaching hook if it gave way. 

Mr. Wiiiis said a three-ton hook, with a six-ton load upon it, would 
soon wear all the bolts loose. 

Mr. Weeks said he had the pleasure of rising to propose a vote of 
thanks to Mr. Logan for his very valuable paper. He thought it would 
be very desirable if the Institute took up the subject and appointed a 
committee, and tried to get some of these disputed points settled, 

Mr. May said, he had very great pleasure in seconding the proposition. 
He agreed aa to the advisability of a committee of the Institute being * 
appoiated, because the subject was a very wide one, and there were now 
ao many of these hooks before the pabhc tHat it was really a difficult matter 
to settle which was ths best. 

The TOte was unanimoualy carried. 



The following pajiei-, by Mr. Thomas Heppell, i 
Pneumatic Rock DriU" was conaidered ss read;— 






.. 



> i t 

V 



If 



.f ; 



til 



'. ^ 



r- 



• r 



I 



CHAJfBTOS'S PHEOKATIO BOCK DEILL. 221 



CRANSTON'S PNEUMATIC ROCK DRILL. 



By THDMAS IIEI'PELL. 



The process of drilling holes by hand must neccsBarily be slow, and when 
these hnlcB have to be drilled in unfavourable situationa the work executed 
jit both expensive and tedious. Simple as the operation seems, it never- 
theless, as in the case of file-cutting, has been found extremely dUiScult to 
get a machine to do it properly, although tbe subject has occupied the 
attention of many eugineeiB who have had extensive tunnelling or sinking 
operations to conduct. 

The most successful mechanical drills have been those which have 
approached nearest to the hand process, which may be thus described: — 

1. A rod or chisel, with a levelled cuttingedge, is applied to the rock. 

2. A blow with a heavy hammer is given by the workman. 

3. The chisel is lifted and partially turned, and the blow repeated, 

the chisel being lifted and turned between each blow. 

4. When from repeated blows the chisel has entered so far into the 

rock as not to leave a sufficient portion outeide for the workman 
to grasp, the chisel is withdrawn and a longer one substitnted. 

The hammer and the chisel thus used are of the most extreme sim- 
plicity, and the dKRcuHy in substituting machinery tor the hand process 
has been found greatly to rest in the complication of the parts required to 
produce the simple results detailed above, and the amount of inconvenience 
arising from this complication is in many cases so great, that in tbe Mont 
Genis Tunnel it required five of the Somellier machines to keep one at 
work, four being always in the repairing shop. 

Much of the complication of these machines is due to the means pro- 
vided for causing the drill to make a partial rotation between each blow, 
and a characteristic feature in the machine now to be desaibed is, that 
this operation is performed exclusively by hand. 

After many years of extensive nse, the machine, simple as at first de- 
signed, has been relieved of all unnecessary parts, and, in its latest and mo«t 
improved form, may thus be described : — 
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Plato XLIV., Fi{r. 1, shows a longitndiiiBl (Motion of the machine, and 
Pig. 2 shows a section through A B, Fig. 1. is a gun-metal cjlinder 
provided with a solid bottom d and stuffing box f, the other end !■ 
closed with a wrought iron ring /, provided alao with a stuRing box. 
The casting of the cylinders is prolonged to g, and provided with a 
oover A, which is bolted to it. The cylinder is provided with flaDg;ee » 
which slide in a groove provided for the purpose in the cast iron sleeve or 
flnpport k, which, by means of the cone /, is secured to the box m, Plate 
XLV., Figs, 1 and 2. The piston n and rod o are in one solid piece, the top 
part of the rod o ia swelled out to form a guide in the part g of the 
cylinder casting, and the other end is bored out to receive the drill ; a 
slot q is then cut down the full length of the hole, and a ring r provided 
with two screwB s is put over the rod. The drUl is then inserted and 
the screws tightened np. The mode of fastening the drill allows the end 
of the cylinder to be made solid, and considerably adds to the Blrength 
and durability of the machine : / is a tappet, by means of which the valve 
u and the rod v are worked thniugh the projection p, striking the tappet 
at each reversal of the stroke of the piston; and wis a smalt guide pressed 
np to the valve spindle f, so as to keep the valve from shiiting in its 
place alter the tappet t has ceased to \x in contact with the piston rod ; 
I is a small prtjiongation of I in the shape of a handle for Starting the 
machine by hand ; y is an India-rubber washer between two plates s g, 
the top one of which is screwed to the cylinder covers n, by the screw «* 
in the space b' between the plate z, and the cover n is the head e*. of » 
steel tube if, which works inside the piston rod o, and is provided with a 
feather s", by means of which the piston rod may be made to rotate if a 
rotating motion should be applied to the tube (/. Attached to the sleeve 
i is a bridle k', which carries one end of the feed screw y", which 
ie provided with a long slot m working in a feather in the rJntch 
y, and is geared into and released from the tube if by means of the 
lever n', which is kept in its place by means of the lever t/. The 
feed screw q' screws into a nut screwed to the cover A, and when 
turned round by the handle g" it causes the cylinder r, together with 
the piston and rod n and o, to slide Ibm'itrd into the groove i of 
the sleeve k, and by that means causes the drill to enter deeper atid 
deeper into the rock. As has been beftire observed, the modem machines 
have no self-acting arrangements for causing the drill to rotate, and Uin 
rotation is done by hand in the following way. When the clntch a is oat 
of gear with the head e' as shown, the drill can be advanced without having 
any rotatory motion communicated to it ; but when the clutch ia put in 
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gear by lifting np the lever o*, then the rotatory motion of the screw is 
c!Oinmtinicat£d to the piston and the drill, and any amoant of either 
rotation or advance can be given by the attendant. When the drill hae 
entered into the rock as far as the screw will allow, the machine is drawn 
back to its original position and a longer drill inserted. 

Plate XLV., Figs. 1 and 2, shows the machine held up to its 
work. The cone / of the sleeve k is held by a clamp m secured round 
an iron upright 5 by the bolt c. This iron upright is grooved as at if d, 
and in these grooves, as in a rack, works a wheel e, worked by a lever 
/, and this raises or lowers the machine at the will of the attendant. The 
iron upright d is secured against the roof of the gallery by means of the 
screw g and the lever h. The total weight of the stand with No. 2 
sized machine is %\ cwts., and as it can be readily taken apart, the 
whole is easily moved from place to place. 

These machines are now made entirely without the self-acting motions 
(excepting in special cases), for practical experience has shown that the 
drills can be rotated by hand much more readily and reliably than by the 
use of any automatic gearing. There are, no doubt, many very highly 
ingenious arrangements both for automatically rotating and feeding the 
drill tool, and they generally work with great precision so long as the 
adjnstmenta hold together. But it is self-evident that any fine adjustment 
of parts required in these machines, to automatically feed or rotate the drill, 
must sooner or later be destroyed by the constant hammering and ponnding 
of the piston-rod. The efficiency and economical working of the machine 
are in no way affected by dispensing with the automatic part of the 
mechanism, which in the hands of unskilled workmen are necessarily most 
likely to become deranged. Besides, in most cases the rotating gear causes 
a considerable increase in the length of the working cylinder, which 
increases the difficulty of working the machine in positions mnch out of 
the horizontal. 

There has t<i be a man in charge of the machine, and he might as well 
be rotating the drill, which he can do much better than can be done by 
self-acting gear. 

The sense of leeling, in the human hand, indicates directly to what 
degree the drill should be rotated, so that it can be manipnlated at will to 
suit the varying and unequal nature of the rock being drilled. 

In most of these arrangements the piston rod must travel its allowed 
stroke each time before the rotatory motion can be obtained, and the 
rotatory motion is always the same, whether drilling in hard or soft rock; 
whereas, in this machine the miner can rotate his drill less or more, 
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Bometimcs backwards and Bometimcs forwards, and by the senae of f««Ung 
can chip away the rock to the best advantage, lie can also keep hiB 
drill from "jamming" in joints or other uneven bearings in the hoiia. 
The drill bai* can likewiee be sufficiently rotated without relying on any 
definite pitch or stroke of the piston rod. 

It will be seen, on referring to the drawing of this machine now 
brought under notice, that there are no grooves in the piston rod. 

This advantage enables the machine to be compact, and of short 
dimcnaions; the rotating gear, when added, is free and independent of the 
cylinder; and the piston rod is guided substantially at three different 
points above and below the piston by two solid glands, and also at the 
top or near end of the piston rod by its crosshead. The whole of the 
machine being covered by the casing, grit or sand cannot interfere with 
the working parts. 

The valve for admitting the steam or air to the piston as shown in the 
drawings is an ordinary D slide valve. It can be adjusted when deep 
holes are required with great facility, to give more power on the 
bottom of the piston to counterbalance the increasing length of the drill 
rods, which necessarily get heavier as the hole deepens. In the Hematite 
Iron Mines of West Cumberland, holes are very frequently drilled verti- 
cally up into the roofe by tbi> machiue, and by its meana lar^ quantities 
of mineral are quickly and economically quarried down by a single blast 
hole. These roof holes are drilled quite easily. It is only re(|nired to 
nnscrew the valve spindle in order to give more power on the other or top 
end of the piston. Water is not required, as the dust falls readily frum 
the hole whilst it is being cut away by the drill. 

At Patelcy Bridge Lead Mines, in Yorkshire, an ext«natve plant has 
been pitt down to work a number of these drills by air. Two donble- 
ac^ing compreeaors are placed on each side of the steam cylinder, and the 
cylinders and compressors are all connected to the fly-wheel shaft, so that 
the steam is executing its greatest power when the air is at its highest 
st^e of oomprcssion. The air ia conducted to the shaft by 125 fiithoms 
of 8-iuch pipe. It is then continued other tiS fathoms down the shaft 
and 100 fathoms along the level. The whole plant, including the founds 
tion for the air-compressors, was put down in a fortnight, ready for 
work. The drills are working in bard, compact, solid limestone, wltlioDt 
joint or opening, which formerly required the very bust minora in the 
neighbourhood to work witli any advantage. The machinery now dora 
160 per cent, more work at 20 per cent, leas oosU 
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At West Moor Limestojie Quarries^ Dnrham, work which cost Is. per 
foot by hand is now done for 2^d per foot. This includes the total cost of 
fael, labour at boiler, engine, and drill, fitting driU bits, and repairs to 
the borer. During the last five years one machine has drilled 18,000 
feet of 2^ blast holes in one year, and at several times has drilled 7,000 
feet without repair. 

These remarks will sufficiently illustrate the nature and mode of 
working of the machine and its general economy. The mode of com- 
pressing the air, which has been found in practice the most beneficial, 
will perhaps form the subject of a future communication. 



A vote of thanks having been awarded to Mr. Heppell, the meeting 
terminated. 
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GESEIIAL MEETIXG, SATURDAY. JUNE 19rn, 1880, I.V THK WOOD 
MEMORUI, HALL. NEWCASTLK-UPON-TYNE. 



a. C. GREESWELL. Esq., Pbksidhnt, in tub Chaib. 

The Sbcuetauv read the miiiutcH i>f Ihe liist meeting', and reported the 
proceedings of tho Council. 

The balloting list for the election of offlt'ers at tht- flimual meeting ia 
Angust was submitted to the meeting. 

The following gentlemen were nominated for election at the next 
meeting : — 

OHDINAHI MEICaEB — 

Mr. Qbobqb Barebr, M.E, T»j Iron Works, Perth. 
AaaociATB Mbmbebs— 

Mr, Thomab Aubpb. Mineral Traffic Manager, Nortli-EBsWm Railwny, New- 
castle - u pod -Tjne. 

Mr. JAUBa Faiblbf, Colliery Maniger, Craghead and UolnuJde ColUetiat, 
Chester-ie-etreet. 



Mr. Li>'D9AY Wood read a papei' descriptive of niimcroiia experimentB 
which had been made under hie direction at the Hetton, Boldon, and 
Harton Collieries, to ascertain the pressure of gas in the various seams of 
coal, but the author being dcsiroua of making further experiments in 
the same direction and of embodying the results in the paper with 
the yiew of rendering it as complete as poaaible, its publication has been 
withheld for the present. 



After Mr. Lindsay Wood's paper had been read, the Pbebideht 
invited discussion on Mr. James I'Anson's paper " On Apparatus tor the 
Prevention oC Overwinding," and said that the apparatus was very similar 
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to that dcscrilwd by Mr. Beth Ogdeii, in a paper read before the floath 
Wales Institute of Engineere on the 23rd of Jdy, 1859. He (the 
President) had applied that apparatiiB to a wiuding cn<;tne at a (ulliury in 
Somersetshire. Ho had it constantly examined and frequently teat«d; 
bnt in testing iC one day it failed. 

Mr. J. A. G. RoRS eaid, it accmed to him that the principle enunciated 
in the paper wae the right one, inasmneh as it introduced no new element 
of danger as did the safety -hook, which, milcsa one conid be invented that 
WB« absolutely perteet, waa a continued source of danger during the whole 
of the winding. But there seemed to be one defect, viz., that the cage 
acts u{)ou a throttle valve and then upon the brake apparatus. Now, this 
might do very well when the cage was working slowly; but supposing it 
came up at the rate of twenty miles an hour, or 30 feet a second, at which 
rate he supposed a cage did sometiines travel, it would take at least a 
second before the upparatos could be bronght into operation, which second 
menat 30 feet. Hnppoaing the engine stopped instantaneously alter tlib, 
the cage would be carried up 17 feet more by ita tfu viva. He thonglil 
an improvement of the system would be to make it act by means of » 
governor, so as to regidate the speed and cut off the steam nntomatioBllj 
when the cage was some distance from bank. 

Mr, Hi'UBON, present on l>ehalf of Mr, rAuS'm, said, if he understood 
the last speaker correctly he thought the apparatus was in the right 
direction, only that it would be inoperative nt very high velocities, 
Kow he (Mr. H.) had tried an experiment at the Lingdale Siines to 
test this. The engines were 36 inches diiimeter, working at a pn» 
sure of 30 lbs. to the square inch, the drum was SO feet in diameter 
and the engines bronght the cage fi^tm the bottom to the top in 
thirty seconds, which wa« something over iO fet't a second, cir foitrteeo 
miles an hour. The break lever had a leverage i-f six to one, and wm ' 
attached to a steam cylinder of 14 tuches diameter. This put a prcasun 
tending to compress the brake of about ten tons, applied to about o 
third of the circumference of the drum. This apparatus when anddealy I 
applied, by letting go the catch when going at fnll speed, stuppvtl tlM 
engine in one-qnart«r of a revolution, which was equal to 15 fect timrel [ 
of cage, and he thought that if the same power bad been applied to a 
brake enda-hng the whole circumference of the dnnu, it would arrest it 
in one-eighth of a revolution, or 8 feet travel of cage. In a fortoi^t j 
there would be an engine at work with the apparatus attached, and U 
he would be in a position to spoak more positively about it. 
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Mr. G. B. FoESTKE did not think there were many places which wonld 
allow of a space of H feet, or even 2 feet, to stop in. 

Mr. HuDsoJf said, it waa merely in answer to Mr. Ross that fae had 
endeavonred to show fi'om his experience the practicability of stopping 
the cage in a space of 8 feet, but with proper arrangements he thought 
that there would be no difficulty in stopping the drum instantaneously. 
There was also a <rreat advantage in the system inasmuch as it came intg 
operation without putting any shock upon the engine; whereas the safety- 
hooks, when they came into operation, put a strain ujwn the rope of 
5 tons in excess of the load, acTvOi-diug to ei|jerimeut, and supposing 
the load to be 5 tons, that wonld be 10 tons on the periphery of the drum, 
which in most cases is three to one of the crank; and if so it would give a 
shook of 30 tons to the crauk pin. 



The President said, if there were no further remarks to be made on 
Mr. TAuson's paper they would proceed to the discussion of Mr. Logan's 
paper " On Safety- Hooks." In opening the discussion on Mr. Logan's 
paper he said that the classification in page 202 did not appear to lead to 
any accurate conclusion, for it was not known what failures might have 
occurred had the appamtiis been applied in those other cases uf overwind- 
ing, or with regard to the items 7 and 8, recording six lives lost by safety- 
hooks, how many Uvea might have been presumably saved by the nac of 
them. Even then it does not necessarily follow that all of those assumed 
to have been saved by their action would otherwise have been killed; 
and it remains to be proved that all of those others who were killed, 
according to the Table, would have been saved if safety-hooks had been in 
nsc. He had not heard of any case where a safety-hook of the self-detach- 
ing and self-suspending tyjje had been brought into action in which the 
cage had dropped away by reason of the breakage of the cage chains, 
although he thought lie reraemliered hearing of such an accident having 
occurred from the collapse of a book; but in the view of eitiier of these 
events happening, it seems to be prudent to have in all cases safety-catchcB, 
such as those employed with Messrs. Bryham's or Knowles's hooks. He 
did not quite agree with the writer of the paper as to the invalidity of the 
reason for objecting to safety-hooks on the ground that they make tho 
enginemen careless: it would not be difficult to bring evidence to show 
that at collieries where, until the introduction of safety-hooks, overwinding 
or " pulleying" was comparatively unknown, these freaks had become of 
too frequent occurrenre. He knew of a case in iihich im cngiocnian. 
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winding water at night, drew llie cage up to the eafety-ring; the hook 
actcfl; ho, without aid, managed to re-attitch the cage: to get ont the 
water in the nsnul time; audit waenot nn til afterwards that any oae knew 
anytliiug about it. As to the strain which is neccBsary to shear the copper 
pin, he tliDUght the atiitemcnt that it requires 75 civte. to shear a copper 
pin or rivet, half an inch i[i diameter, ought not to be allowed to lead to 
misappreheusionE — it muEt be understood that this meant 75cwtB. ofdoad 
force; and as, when Biigpended, the cage and coals insnch a case would be 
Tery much in excess of this weight, it only pointed to the necessity, in 
order to ensure abundant safety, of so locking down the ring plate and 
iranitng that it shall be able to resist an npnard strain eqnal to the weight 
of the cage and ttoals. But in the process of shearing there will be sad* 
denly added 75 cwts. to this weight, thereby greatly increasing the risk of 
breaking the rope above the hook; and if this did happen, it would be 
before the hook was brought into action, which showed the necessity of a 
safety-catch beneath in all cases. 

Mr. G. B. PoKSTER said, be quite agreed with the President's new that 
some sort of catch should be placed below these safety-books in case of any- 
thing giving way, for although he had never known an instance of the cage 
falling after the hook had been called into play, yet he bad had a case in 
which a full cage coming to bank and stopped by the safety appnratns had 
BO damaged the chains that they were obliged to be taken off. He bod 
used safety-hooks for a long time without nccideat, and although he wonld 
not like to take theresponsibility of recommending one more than another, 
he must say he hud never known anyone of tliose which be used to fail, 
except one, through an accident which caused a tub to fall down the pit 
while the cage was standing at the bottom: this of course wa« a very 
exceptional case, and could hardly be expected to hap|)en witliotit causing 
damage; bat he believed in the principle of having safety-hooks on 
every rope in use. Altbongh he with others imagined then' were mem 
cases of pulleying than Chei*e used to be, yet he did not realty Ix-liere that 
this would be found to !« the case if a strict investigation was made. Of 
CDiii-se more is heard alwut tlieeo cases uow, bci'ause they have to 
be reported aud put upon record ; but whether there are more cneca of 
pulleying or not, he thought that if in one case of pulleying; li\'a were 
saved by aafety-hixiks, it amply repaid any iuconveuiente caused by having 
the cage overw*ound a few more times than usual. 

Mr. D, P. MoRisoN asked if the case which Mr. Forster mentioned 
about the full cage coming up and damaging the chains was the only caw 
of ovcruiuding which he bad had ? 
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Mr. G. B. PoRSTER — No ; it waa the only eaBe in which the chains 
were damafjed. 

Mr, MoBisoN asked if Mr. Forstcr had made any eomparlBon of whether 
the full cage or the empty cage did the greatest damage in cases of over- 
winding? Becanse in his (Mr. M.'a) experience he found that the empty 
cage as a rule jumps about in a very rancli more dangeixma way, aud 
damages the ropea and chains and everything eise more than the (nil one. 

Mr. G. B. FoBHTBR said, that the cases which had come under his notice 
in which the empty cages had been taken up to the pulleys had only l)een 
where the engine had crept away or been atarted gently, and no damage 
was caused. In the case he had referred to, where there was damage, 
the engine was going nearly fuU speed with a load of four tons, in coals 
and tuhs, in a cage weighing one-and-a-half tons. 

Mr. MoEisON said, that was a very important fact, and went to disprove 
the assertions that had been made that cages would continue their npward 
movement from the force of their momentum after the safety-hooka had 
come into action, for if this were so, and they rose to anything approach- 
ing the extent indicated by some of the members, the fall-back of such n 
weight aa that spoken of by Mr. Forater would be sure, not merely to 
damage, but to break the chains and render it necessary to have more 
than one set of kepa under the hooks. He believed that where the fall of 
the cage after disconnection had caused damage, it had been where such 
hooks were used aa feU back after coming into action, which some of them 
did to the extent of from four to eight inches ; and a weight of five-and-a- 
half tons falling even that short distance would be sure to damage the 
chaina considerably. 

Mr. S, Humble said, that he had very frequently dm-ing the testing of 
King's hooks at high speed found the loaded cage ascend very considcrahly 
aft«r becoming disengaged. In one case, at Morley West-end Collieries, 
near Leeds, it rose 7 feet G indies and fell back upon the hook, but the chains 
and hook were not affected in the slightest; and he did not think this falling 
of the cage interfered in any way with the efficiency of the system. In 
King's hook, under any circumstances, and in all cases, the hook was at rest 
upon the plate before the cage fell and at the instant the rope n aa detached. 

Mr. U. Lawrence, alluding to a case in which the eatch-plate had been 
broken when the hook came into operation, asked Mr. Humble hosv he 
could account for it if it was not caused by the jerk of the load falling 
back upon the hook? 

Mr. Humble said, the iractore Mr. Lawrence allnded to was cauaed 
by the plate having been insecurely attached to the pulley frame. 
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Mr. A. L. Steavesros thought the extreme importance nf the subject 
was the only excuse for uiitering into a dieciiBsion upon tlie merit-s of rival 
mvcntionF, and he thought that mudi good would ensue if the mutter wrb 
thoronghly sifted and all the facte brought before the memberB. who then 
could exercise their own judgment in adopting, or not, any of the rarioiui 
suggestions brought fum'ard; but for the Institute to bo iisked to cxpre^ 
an opinion as to the relative merits of a hook ivas what it eh<iii1d not 
undertake, and therefore those goutlenien present who rcprcBcntt'd the 
dilfei'Gut hooks must understand tlint the Institute could not carry the 
matter much farther. He himself had for many years used Walker's 
hook, which had always acted veiy well. Even within the lust wwk the 
cngineman at one of the pits had moved the engine the wrong way, and 
the eagc was safely disengaged. Ue thought that extreme simplicity was 
imperative, and that no hook could be considered in any way perfect that 
wanted that cbaracteristic, and in this particular he certainly tlioiigbt that 
the hook of Mr. Walker was the most perfect. 

Mr. W, LiSHMAM said, he perfectly agreed with Mr. Steuvenson that ttm 
Institute should not recommend this, that, or the other hook; but it was 
of very great importance that they should, if possible, ascertain which iras 
the best hook irrespective of who was the maker of it. For u|iwards of 
twelve years he had used Ormerod's hooks, and had now some twelve or 
fourteen pail's of them at work, and he had never found any one of them 
to act at the wrong time, or not to act when they should act. On one 
occasion they certainly saved life. Two men were in the cage; the cage 
was taken up to the pulley, and had this hook not been on, the men would 
in all probability either have gone over the pulley or they would have gone 
to the bottom of the pit. The President had mentioned the increase in 
the number of ovcrwindingsj that might or might not be. He thunght 
that if it were so, it whs to a very great extent the fault of the maungers 
of collieries themselves. He himself had a rule, thai if a man took up the 
cage to the pulley so that he undid his hook, he was fined a sovereign or 
lost his place. He thought a check of that kind quite suflicient to ptv 
vent any carelessness which might otlierwise arise. Tlie Pn'sident also 
spoke of the necessity of having the Ihuning stitficiently strong to resist 
the action of the hook ; this of course must be done otherwise the appa- 
ratus would be of no use whatever. Mr. Korster sjioke about hai i[i;r kepa 
to arrest theeageia thceventof thechHiusbn^akiugashadbecusuggratcd. 
He was afraid this would rather multiply the elemeuls of danger. lu a 
simple hook there was only the clement of danger due to the comttniction 
of the hook itaolf, whereas the introduction of additional oatdics iuut 
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[he number of parts which might go wrong. He did not think any hook 
cocild be reckoned to be al»aoliitely safe as some gentlemen iraagiiiod; 
neither did he believe tiiat any machinery could be perfact as to be 
entirely free from the possibility of accident ; bnt still he believed that no 
pit ahould go without a safety-hook of one kind or another, at the 
discretion of the manager. >Some objected to hooks in deep pits, and 
some on account tif their falling down on the cage tops during the 
changing of the tnbs, but iie had talked with Bcveral colliery viawera who 
had deep pita, and who aaid they did not find the slightest inconvenience 
from the nsc of them. 

Mr. Weeks said, he was sorry he could not agree with the last speaker 
in condemning the keps Buggeated by the President and Mr. Forstcr. He 
had listened to the discussion both to-day and also on the foimer occasion 
with a gi-eat deal of interest, and he thonght tlie only valuable suggestion 
he had heard was that of the President. Indeed if in practice there was 
anything like a drop of 7 feet 6 inchea after the hooks came into opera- 
tion (which he very much doubted) — or even a very much smaller drop 
incidental to the action of some of the hooks, he thought additional 
keps were an absolute necessity, as no chain could stand such shocks aa 
these falls would cause, unless the cage chains used were of much greater 
Btreugth than they ustmlly were. 

Mr. MoKiaoN quite agreed with Mr. Weeks. He thought a fall of 
7 feet G inches could never take place j if it did, neither the keps recom- 
mended by the Chairman, nor two or throe others would arrest the fell of 
the cage. 

Mr. Rosa said, with respect to the remarks which had been made 
abont keps, he had made a rough calculation, and found tliat at a speed 
of twenty miles an hour, the cage would rise 1-1 feet after becoming 
snddeuly disconnected li-om the nipe; coiisetiuently it would have that 
much fall; and he did not think chains could be put on which would resist 
such a fall. He himself had had some exjKrience with passenger hoists, 
and he knew that the keps alluded to acted with unerring certainty, 
especially so, in one case, which affected the lives of a large number of 
persons. The keps he alluded to sprung out when the cage had attained 
its highest position to which it might rise, and produced no shock on the 
chains. 

Mr. WiiJyis said, that the kind of catches to which the President had 
referred were additional keps placed immediately under the pulley wheels. 
These were used at the collieries belonging to the Messrs. Joicey, and at 
Washington, in which latter place they had been used lor fourteen 
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or fifteen yoara without safetj-hooks, and where lie knew that on two 
occasions they had saved life. 

Mr. BIoRiswN asked if Mr. WilliB had Been a cage mn up anything like 
1 i feet, as named by Mr. Roas, or even 7 feet inches ? 

Mr. Willis — No, The only instance of overwinding he had ever eeen 
was at a hematite mine in Lancashire, where they used an exceedingly 
cheaj) detaching-hook which they made themselves for a few ehiilings, and 
where the oDiciiils took a piide in practically showing the actiou of the 
safety apparatus to all wlio asked to see it. 

Mr. Loi:;an said, the catches had nothing to do with safety-hooks. Ue 
could not admit the possibility of a cage rising H feet, or oven 7 feot 
6 inches, after bee^imiug disconnected. He had seen a large number of 
safety-hooks tried, and had seen the cage sent np ut a very considemble 
velocity — hardly, pcrhupe, twenty miles an hour ; hut he never knew a 
cage rise more than 'I feet G inches, as far as he could measure with th« 
eye. He believed that in oil cases the book got on the catcb-plates before 
the cage began to descend. With regard to the roatUr of copper rivets 
he quite agreed with the remarks which the Chairman had made on that 
point. 

The President said, with regard to the question which had been 
referred to by Mr. Stcavenson and Mr. Lishman, it was perfectly clear that 
every person who bad used any given hook with satisfactory results for a 
number of yeara could speak as to its value, but it did not follow that 
there were not other hooka equally good, and be thought thai members 
must come to the same conclusion, and this seemed tu be just as far as tbej 
cQiild go; for he did not think it was for the Institute to exi)re8a an o^oioo 
as to which was the best. 

Mr. D. P. MoaisiiN said, that he desired to withdraw the a<mark be 
made at the litst meeting, that Mr. Moore, the Government luspcvtor, bad 
recommended tbe use of hooks, for he had since been given tu undorBtaiid 
that he did not recommend Cbcm. 



The following paper " On Jefferson's Automatic, Free-falling, Uydranlio 
Boring Apparatus," communicated by Mr. Robkkt Uii.leu, was taken 
as read, and the meeting terminated. 



JEFFERSON'S HYDRAULIC BOEINO APPARATUS. 



JEFFERSON'S 



AUTOMATIC. FREE-FALLING HYDRAULIC 
BORING APPARATUS. 



liOTIKRT MILLER. 



The art «V boring to great dcptlis line perhaps receiveil more attention on 
the continent than in this country. The working out of ooal seama in the 
outcrop portion of many districta here, compels more and more the 
search for the extension of the coai Beams nnder the newer overlying 
Permian strata. The great deptlis to which many pits will have to be 
Bunk render it advisable, not only for the purpose of pi-oving a seam of i 
cool, hut for asoertaining the character of the intervening strata, to eiecuto I 
preliminary borings. When the intervening strata are known, the cort 
of sinking the shafts can be calculated to much greater exactitude. 

Until within comparatively recent years the use of the apring-pole, 
with rigid iron rods, has been the principal method adopted in this 
conntry. The first improvement on this method was the invention of 
the sliding shears or jars by Von Oeynhausen in ]83i. In 1845 Heir 
Kind invented a free-falling borer, set free by a sliding cap moved by the 
resistance of the water in the bore-hole. In I8i7 Hen- Fabian invented 
a free-falling borer, the tool being set free by a endden and slight 
rotation of the boring rods. In 1H5& a description of Messrs. Mather 
and Piatt's rope boring apparatus was first published. In 1S5G Herr 
Werner invented a combination of the mechanism of Kind's and Fabian's 
free-falling borer. In 1855 M. Degousee exhibited a free-falling borer 
at the Paris Exhibition, vbivh depended for ita action on a dead-weight 
bar, resting on tlie bottom of the bore-hole. In 1859 Herr Zobel, 
Boring Inspector to the Prussian Government, invented an improvement 
of Weraer's apparatus, and with this apparatus the two deepest bore- 
holes in the world have been sunk. This is, up to the present, the best 
apparatus for use with solid rigid rods. Other modifications of Kind's and 
Fabian's apparatus have been invented by Romanovsky and Greifeahagen, 

In 1 827, and the nest following years, rope boring seems to have been 
extensively practised, Jobard's fluted boring block having been then much 
used. In 1861 George Kolb invented an automatic rotating arrange- 
ment for rope boring. In 18(i8 Herr Sountag invented two srrangementa 
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for rope boring, introdiicioK Kind's five-falling arrangement in the one, 
and Fabinn's in the Dther; and in 1871 Heir Kleritj invented an auto- 
matic arrangement of Kind's free-falling apparatus, in which the rotation 
of the cutting tool ib efTectcd automatically af^r each blow. 

In 1846 M. Fanvelle invented what is now generally called hydraulic 
boring, in which a stream of water is forced down hollow boring rods, 
and up on the outside, uirrying the debris with it, With a similar 
object M. Lane invented, in 1852, a valve mrangement in the rods. la 
1800 MiM. Chaniots and Cntelincau invented a so-called boring pomp. 
Somewhat later Morteiisou, a Danish mining engineer, carried on mnnjr 
borings on a modification of Faavclle's principle. Since thf.'n, the most 
rapid strides ajtpcar to have been made with the Diamond Rock DrilL 
Most of the above apparatus arc described in detail in a jiaper read by Mr. 
J. Plai-k JefferBon, before Ihe Midland Institnte of Mining Kngineera 
in 1878. In this paper it is shown that the Diamond Rock Drill 
borings cost from two to three times as much ns those by any other 
sptem, the process being about three times as fast; and the use of tiiia 
syBh?ni is disappnived of for depths approaching 2.000 feet, esiiecially in the 
onrboniferons strata, owing to the high cost, which averages £'t jier foot. 

Pauvelle pointed i>ut the great advantage which his sj-stem wonld 
poeeeBB if the wnter could be forced donn the outside, and u|i the inaJde 
of the boring tubes. The diminished velocity of the descending stieain 
did not injure the sides of the bore-hole so much, by consinntly washing 
out parts of the sides, and the greater velocity which could be given to 
the ascending cuiTent, enabled it to carry off larger pieces of debris. 
When the current ascends outride there is a large amount of Sue 
material in suspension, and this may increase so much at the Imttom of 
the bore-hole as to dog fast the ix>ds. 

Daring the last four years Herr Ktibrieh, the present Boring In- 
spector for the Prussian Oovernment, has extensively used an urrangetneal 
of Fabian's ft-ee-falling borer, in which the rods are formed of holluv 
tubes, the stream of water being forced down the outside and np the inaide 
of them. Not only has licrr Kiibrich been able to bring up the largest 
pieces of dobria broken off from the bottom of the Iwre-hole. which keepa 
the bottom constantly clear, and prevents wtkstc of time and power in 
breaking the already broken debris into fine powder ; but cuns har« 
been bored, and. directly they have broken loose, they have been nuriod 
at once by the ascending current to the surface. The lots of corea. ■■ 
is well known, often occurs with the Diamond Rook DriU. The 
broken pieces of debris which are bn)nght to the surface arc often ao 
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large that it seemB in many cases unperfluoiiB to bore for cores. The rale 
of advance with this apparatus averasfB 10 rards per day, and its cost 
compares favourably with that of the cheapest of any of the other 
methods, averaging, for 1 ,600 feet in depth, about 30b. per foot. Kobrich's 
apparatus is oscecdingly well suited for bore-holes under 1,000 feet in 
depth : it is not antomatic however, and the work of throwing off the free- 
falling cutt-er is espcuHive for great depths. Mr. J. C. Jefferson, of St. 
John's Coliieries, Wakefield, has endeavoured to remedy these defects, and 
in the apparatus to be described, which is jwrfectly automatic, the principle 
of DegouB(!-e'B free-falling borer is adopted. 

Referring to the drawings :— A A, Plate XLVI., is a so-called dead 
weight tube, which, during the actual boring operations, remains atation- 
ary, resting on the bottom of the bore-hole, being weighted or held down 
in position by the dead weight D D. 

BBis the free- falling tube, carrying at its bottom end the cntt«r chisel 
or cutting tool C C, which is screwed into the bottom of the free-falling 
tnbe B B. The cutter showu in the drawing is broken in the centre (see 
Figs, 5 and 6) to allow of core boring. The outline of the core is shown 
by dotted lines in Fig. G. The core must necessarily be bored of a smaller 
diameter than the inside of the dead weight tube, through which it 
passes, forced up by the water current. To bore the core smaU enough, 
the inner edges of the cutter (a a, Figs, 5 and G) must project inside the 
dead weight tube as shown in Figs 5 aud G. In order to raise the cutter 
C to the full height of the stroke, without at the same time raising the 
dead weight tube A A, the latter is slotted through to the height 
required by the stroke (i.e. to B' B', Figs. 5 and 7. ) Also to allow of an 
entrance for the current of water aud the debris to the inside of the dead 
weight tube A A. the latter has two openings (D D, Figs. 5, G, and 8) 
about 6 inches high and 1^ inch wide, slotted out at right angles to the 
chisel blade. In order to pre\-eiit any liability of the lower end of the 
dead weight tube A A, beiow B' R', being bent out of shape, owing to 
the length of the slot in which the chisel moves, the edges (X X, Fig. 6) 
of the slot, have been bent outwards Co fit into corresponding recesses 
slotted out on the inside of the chisel block. These recesses slide over the 
whole length of the outward edges X X. 

E E are the boring rods made of hollow tubing 2J inches outside 
diameter. The two lowest, however, are of a larger diameter than the 
rest. The inside diameter of the lowest but one is equal to the outside 
diameter of the dead weight tube A A; and the outside diameter of the 
lowest is equal to the inside diameter of the frec-riilling tube B B. To 
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the lower end of tho lowest of the boring rods the catches P F we 
attached, being provided with two aide conical projections N' N', about 
which the catches can oscillate in bearings formed in two steel plates, P P, 
screwed on bo the lowest boring rod E E (Pigs. 2 and 2A). The lower 
ends of the catches F F are kept constantly pressed inwards by meana of 
flat springs (S S, Figs. 1 and 8), attached to the lower ends of the lowest 
boring tube E E. The npper ends of the catches F F are oonacqueiitlj 
kept constantly pressed outwards. 

R R are two steel plati'S which can be screwed in the most suitable 
position on to the outside of the dead weight tube. By altering the 
position of R R the fall of the free-falling tube and chisel can be 
regulated. 

N N is a ratchet wheel, with inside teeth, which ia prevented from 
sliding longitudinally up or down the boring rod E E by the muff M M, 
which is held down by the ring sci-ewed to the boring rod E E ( Figs. 
S and' i). The ohject of the muff M M is to prevent the downward cur- 
rent of water finding aceeas between tlie boring rods E E and the dead 
weight tube A A. For this purpose the muff M M has two grrtovcs tiimnl 
on itfi circumference, in which two U or V rings of India-ruliber are placed. 
BO that the muff M slidea water-tight against the inside of the upper end 
of the free-falling tnbo B B. 

V V is a single spiral square steel thread (left-handed), fixed to tint' 
inside of the frte-falling tube B B, and whiiJi fits in a slot or groove on 
the outside of the ratchet wheel N N (Figs. 3 and 4). 

TT (Fig. 4) are two flat springs attached to the outside of the boring 
rod E E, and which engage with the teeth of the ratchet wheel N N. 

Y y (Figs. 2 and 8) arc set screws, which prevent the lowest of the 
boring rods E E (which has a corresponding groove cut on the outsidi-^ 
from rotating independently of the free-falling tube B B. The lowost of 
the l)oring rods E E is attached to the next by a collar joint, wbicJi 
permits the lowest rod to rotate indc|»endently of the rest. These screws 
would ])erhaps lie better replaced by a key about two inches long. 

The free-falling tube is provided with two vertical slits placed 
opposite to each other, and which are covered on the oulsido by tliv platti 
KK (Figs. 1.8, and 9). 

The action of the apparatus is as follows: — Supposing that the fh«- 
falling tube is resting on the bottom oftiic bore-hole, and that the boring 
rods have reached the bottom of the stroke, as shown in Fig. ». In Una 
position the upper ends of the caldies F V will be uljxiit one indi In-low tiie 
upper ends of tho vertical slits in the fyce*falting tube just muiitiooRl. 



HYDBAULiC BORLNU APPARATUS. 233 

When the first inch of the npward motion or etroke of the rods has been 
completed, the upper ends of the catch F F, which are constantly pressed 
outwards, catch beneath the upper ends of the slits just mentioned (Fig. 
8 aud rigbt-haud side of Fig. 1), and so the fmther upward motion 
of the boring rods E E raises the free-falling tube B B with the chisel C C. 

During the boring ojierationa the dead weight tube A A remains 
stationary, resting ou tlie liottom of the bore-hole. When the boring 
rc>dB E E have nearly reached the top of the stroke the catches F F, or 
rather the lower ends of the catches, come into contact with the two steel 
plates R R, which, on the further upward motion of the boring rods, 
forces the lower ends of the catches F F outwards, aud draws the upjier 
ends inwards, till the catches occupy a vertical position as shown on the 
left-hand side of Fig 1. The upper ends of the catches are now com- 
pletely withdrawn from the slita in the fi-ee-falling tube, and this having 
no BU])port, falls freely with the cutter to the bottom of the bore- 
hole. The up stroke is completed directly aiterwards, and when the down 
stroke hiis been carried to within one inch of the end of the stroke, the 
catclies F F come opposite the slits in the free-falling tabe, the iipjier 
ends being forced immediately into the slita by the springs S S. The 
weight of the dead weight tnl)e A A, and the attached weight D D, must 
be so great that the friction between the steel plates R R fmd the catties 
F F is insufficient to raise tbera. 

Thus, during the up stroke of the boring rods E B, the free-falling 
tiibe B B is raised, and, immediately on reaching the top of the stroke, 
the free-falling tube with the cutter is set free, and falls to the l>ottom 
of the bore-hole; whilst the boring rods slowly descend to catch up the 
free-falling tube at the bottom of the stroke to raise it for a fresh blow. 

By attaching the steel plates R R lower down on the dead weight 
tube the lift of the free-falling tube and cutter is lessened at pleasure. 

The automatic rotation of the catting tool after every blow will now 
be described. 

During the up stroke no rotation of anypart of the instrument tekes 
place, During the whole phase of up and down stroke the boring 
rods E E do not rotate at all, except the lowest. When the up stroke has 
been completed, and during the free fall of the free-falling tube, the 
tendency of the left-handed spiral V V is to rotate the ratchet wheel in 
the opposite direction to that indicated by the arrows in Fig. 4. Ah the 
ratchet wheel is prevented from rotating in this direction by the fat 
springs T T, attached to the boring rods E E. the spiral V V, and con- 
sequently the Irce-Iulling tube B B to which it is attached, aud the cutter 
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C C, muet rotate in the oppoeite direction or in that shown by Uie 
MTOWB. When the free-falling tnbo has reached the Iwttom of the bore- 
hole, and as tlie boring roda E E slowly descend, the groove in the 
ratchet wheel N N, sliding down over the spiral V V, tends to rotate the 
ratchet wheel N N in the direction indicated by the arrows. As this is 
not opposed by the springs T T, the ratehet wheel is rotated in the direc- 
tion shown by the arrows during the dcs<,-ent of the boring rods E E. 
The weight of the b<»ring tnbe B B, combined with the fact of the cutter 
C C Iwing slightly embedded in the bottom of the borc-holo, obviatoB any 
liability of the tube B B rotating during the descent of the rods E E. 
Thus, dnri[ig the np stroke, no rotation whatever takes place; during the 
free-falls fif the tube B B it ia rotated in the direction indicated by 
the arrows; and during the descent of the boring rods E E the ratchet 
wheel N N is rotated in the direction indicated by the arrows. 

By having two or three screw holes (Z Z, Fig. 7) in the tree-falling 
tnbe B B, the pitch of the spiral V V, and consequently the amount of 
rotation of the cutter C C after every stroke can be altered. 

From the above it will be seen that the action of the boring apparatna 
is perfectly automatic. 

The stream of water dcaoends on the outside of the tulie and rise* to 
the surfaui in the inside with such a velocity as to raise even the largest 
[lieces of rock which are chipped off by the cutter. 

The Plate shows a design for an apparatus for boring an eight iadi 
bore-hole with a 1 J inch core. The inside diameter of the boring rods 
is 2 inches and the outside S^'inches. Hence the relative area of the 
cross section of the ascending stream of water is to that of the desueuding 
stream of water, as 2' : (8' — 2^ )' or as 4 : ( C4 — Gj) or say as 1 to 1 4, 
and the relative velocities of the descending stream and ascending stream 
will be as 1 to 14. A velocity of the ascending stream of 4 feet per 
second is sufficient to bring up the lai^st pieces of debris, honco tfas 
velocity of the descending stream need not eiceed 3 to 8^ inches per 
second, and the cimsnmptiou of water 5 cnbic feet per minute. When 
boring with a flat chisel the boring can be continued uninterruptedly 
until the chisel becomes blunt. 

Although the above design hivs not been actually tried, since it Is 
really only a combination of methods which have Ix'cn in aclnol ubc, the 
inventor believes it would be found cheaper tfauii any existing metboda^ 
and second only to the Diamond Hock Drill in speed. ' It is not patented. 
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ANNUAL GENERAL MEETING, SATURDAY, AUGUST 7th, 1880, IN THE 
WOOD MEMORIAL HALL, NEWCASTLE-UPON-TYNE. 



G. C. GREENWELL, Esq., in the Chaie. 



Messrs. "William Green, Thomas Heppell, F. Coulson, and R. F. 
Boyd were appointed scrutineers to examine the voting papers for the 
election of officers for the year 1880-81. 

The Secretary read the minutes of the last meeting and reported the 
proceedings of the Council. 

The Secretary also read the reports of the Council and Finance 
Committee, which were unanimously adopted. 

The following gentlemen were then elected : — 

Ordixaby Member — 
Mr. George Barker, M.E., Tay Iron Works, Perth. 

Associate Members— 
Mr. Thomas Audus, Mineral TraflSc Manager, N.E. Railway, Newca.stle- 

upon-Tyne. 
Mr. James Fairlet, Colliery Manager, Craghead and Holmside Collieries, 

Chester-le-Street. 

The following were nominated for election at the next meeting : — 

Associate Member— 
Mr. R. W. Cooper, Solicitor, Newcastle-upon-TjTie. 

Student— 
Mr. Wm. Thomas Curry, Wardley Colliery, Newcastle-upon-Tyne. 



The following paper, ** On Rapid Sinking," by Mr. Henry Hall, one 
of H.M. Inspectors of Mines, was read : — 
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RAPID SINKING. 



I(v HKNIIV HAI.L, II.M. [nspk 



The fuUoiring pavticalars nf the sioking of twn oial ahattB to n depth of 
360 yards at the Uiudley Field Onlliery, near Wigan, nre perhnps worthy 
of being recorded i[i the TraiisactioiiB of this Institute, becniise they ex- 
hibit tlie remarkable difference that exists in the character utid cost of 
winning coal in particular coal-fields as compared with others. It is also 
betieved that this " sinking " progressed to completion at a speed which 
baa seldom, if ever, been surpassed. 

It must be stated at the outset that the strata passed through oon- 
BJated priDcipolly of shales, entirely tree from water, and presenting few 
obstacles likely to retard the sinker ; but the whole depth of the pits had 
to be excavated by means of gunpowder with the exception of ten yards 
at the surface and a few yards at three different points where the shafts 
passed through upper coal-seams which had already been worked to ncigb- 
bonring pits ; hut any advantage that might have been gained from this 
circumstance was lost through Che increased difficulty in making the sides 
of the pits safe, more care and work being needed to insure the bricking 
being secure and strong. 

The following narrative has been kindly supplied by Mr. Robert Grundy, 
the manager of the Hindley Field Oollieriea, and under whose superinten- 
dence the operations were carried out : — 

The first sod at No. I shaft was cut on June 11th, 1877, and the stone 
head reached in nineteen days at a depth of 10 yards. Whilst this work 
was in progress, a straight -linked horizontal single engine, of the following 
dimensions, was fixed, namely :— cylinder 14 inches diameter, stroke 
3 feet, fly-wheel 9 feet, cylindrical drum 6 feet diameter, and geared two- 
and-a-half to one. This engine was fitted with two foot-brakes, one 
attached to the fly-wheel and the other to the dmm, as a precaution 
in case of any bi-eakage of the spur wheels. 



For the firxt IGU j&rds of ihc sinking, attain at a preaaure of 66 lbs. ' 
was supplied by a [ocumotive brought al<fngaidu the pit, oiid atl«nvurds 
from two boilers irf the Lancashire [wttera. 

The rope was ol' steel J-inch diameter, with a balance -weight bolted to 
the capping, and a swivel attaclied to take the spin out. The pnlle; woa 
12 feet diameter, aad raised iO feet above the surface. The hoppct or 
kibble weighud, when empty, i^ cwts. and carried a luiid of ] imi. 

The sinking from the stone bead in No. 1 abaft, 10 yards frum the 
Horfiice, commenced on the 17th August, 1877, and on the 8th Juno, 1878, 
this pit had reached the Arley Seam at a depth of 354 yard*, having 
occupied in sinking, bricking, and completing, 253 working-days, ur 4'14 
feet per working-day of twenty-four hours ; the whole period of time that J 
elapsed between commencing at the stime head and finishing l^eing 296 [ 
dajB inclusive of Sundays, when work mos suspended. 

The size of this shaft when completed wiia, for the fii-st 4^ yards frtno I 
the surface, 15 feet 6 inches, and the remainder 14 feet diamcUir (si-e Pl«t« i 
XLVII). The walling was 18 indies down to a depth of 13 feet inches, and J 
9 inches thence to the Iwttom.and conipnaed of ordinary brickssct in tnurtar. ' 
It was carried on oak and elm rings 10 inches wide hy S inches thick, eight I 
segments making the complete circle, and jointed together liy plaoing 
an additional segment over each joint and making them fast with inn 
bolts, a bed being levelled for each ring which varied from to So yards 
apart, and the size of the shaft reduced so as to leave solid earth for 3 
feet under the ring in a slanting direction, this earth being aflvrwutb I 
partly dressed off when the bricking was pot in, so that finally the rings 
rested on 5^ inches of solid ciirth nnd 4^ inches of brickwork. 

The sinking of the second or upcast shaft prugresgud much mun I 
rapidly than No. 1 ; it is believed at a speed hitherto unctjualled fur a pit 
of similar size. 

Mr. Grundy states: — The sinkers commenced at the stone head in No. i 
2 on the Qth August, 1878, and finished on the 6th April, 1879, haviog 
sunk a depth of three hnndrcd and fifty yards. Dnring this period the 
unking was suspended for tweuty-Lbrec working daj-s in order to cat 
through in the Yaid Coal Scum for ventilation : thus the sinking, wntling^ 
and completing of three hundred and filly yards only occupied ooo hxEJt- 
dred and eighty-three working days, or an average of 5*73 feet uxcavatad 
and walled during each tweuty-foor hours. 

The dimensions of this second or upcast shaft were as follows: — IMmi 
6 inches to a deptli ol 6^ yards, and IS fty^t 8 inchea diameter thcaoe to 
the bottom. The brickwork wua similar to No. 1 slmlt. l>ui carriod im 
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cast-iron rinpa 10 inches wide by 1^ inch, in place of timber, eight 
segments to tiie circle, and made faat together by means of ilanges and 
bolts, a wooden liner being placed in each joint. The same winding 
engine, scaffold, jetty, and all other tackle, were nsed as in No. 1. 

For the sinldng of both pits, a runner or jetty, A, was used to 
receive the material as it was sent to the surface, its dimensions being 
10 feet by 7 feet, and carried on three pairs of wheels each twelve 
inches diameter, travelling on flat-bottomed rails 21 feet long, and 
weighing 45 lbs, per yard, supiwrted upon two pitch-pine logs 18 inches 
square and +5 feet in length. These rails were canted a little in favour 
of the full load so that the " runner" could be readily moved by hand. 

The scaffold used was a winged draw-bar scaffold B, 9 inches leas in 
diameter than the finished abaft ; the framework, C, being of oak, 5 inches 
by C inches, and covered with 2-inch red wood deals. The binges of the 
wings, D, passed in one length over the whole width of the scaffold and were 
bolted through the deals and framework by |-inch holts. There were four 
slide-bars, E, attached, 2^ inches square and 4 feet 3 inches long; four rings 
F, 7 inches diameter, made of 1^ inch round iron ; and four chains 1 1 feet 
6 inches of |-inch iron, were added for the purpose of lifting the scaffold, 
which was always raised by means of the winding engine, and it coidd be 
sent down or taken out of the pit at any time in three or four mimiteB. 

When bricking commenced the scaffold was on the bottom, and when 
the work had progressed to about 6 feet high it was gently stretched up 
by the winding engine to a little above the comjileted brickwork, and the 
drawbars then Ibrced out till they had at least 9 inches of support. 

Sis seams of coals were sunk through, vik., the Wigan, 5 feet; Wigan, 
i feet; Wigan. 9 feet; King and Queen, Eaven and Arley — the upper 
three of which had already been worked, and there was in consequence 
partial subsidence at these points amounting iu all to about 25 yards ; the 
fractures extending to a distance of eight or ten yards above the position 
of the stams. The precise depth to each seam was known, and imme- 
diately tiic strata was found to be broken the scaffold was lowered, 
holes drilled iu the nearest solid rock above the broken ground, and 
fonrteen iron pings inserted to carry a ring for brickwork, and in each 
case a ring was levelled for and fixed on the thill of the wrought seams. 

Ventilation was supplied by means of ordinary cjinvas bratticing, 
canied on cross timbers 9 feet apart, these cross timbers being spiked to 
perpendicular ribs made fast to the walling by iron holdfasts, and giving 
a downcast space of 13 feet, the air returning through the open shaft. 



Safety-lampa were used for examining the ahafte after any < 
of work and whilet passing through the goavcs where the wrought ■ 
were met with. At these points a considerable quantity of fire-damp J 
given off, and oirenings had to be left in the walling to give it au ondet, 
care being taken that no open hght should come in contact with it. 

No. 2 shaft was sunk by contract, after reachiug a depth of 30 yards, 
at the average price of 05a. per yard, for walling, sinking, and fumishuig, 
paid as follows:— 1st 110 yards, 85s.: Sud 110 yards, 95b.; Srd 110 
yards, 105s. — the contractors linding powder, fuses, bankamcn, tippers, 
and drivers ; and the owners finding two ponies, pick and drill sharpencn, 
and enginemen. 

Gunpowder was the only explosive used with the exception uf a few 
shots of dynamite. 

Both shafts are perfectly perpendicular, and show no signs of inferior 
workmanship. 

No accident, either fatal or otherwise, occurred during the whole of the 
operations. 



Mr. Gbtjndt, who in the unavoidable absence of Mr. Hall, kindlj 
attended to give any explanations that the meeting i-cqnired, stated that 
the nature of the strata passed through would be better understood by th« 
aid of Plate XLVIII, where they were fully described. It would be sem 
that there were upwai-ds of ^80 yards of shale, which was called luetal, 
aud ab<iHt 80 yards of rock, and they put the crib in nearly every 
caae upon the metal. In answer to questions from different mi^mbors, 
Mr. Gmndy said that the pit had been reduced in diameter nftcr 
the first i^ yards, to enable them easily at any time to arch it over, and 
to be able effectually to stop it up, if necessary, Irom accident* occurring 
iu the workiup. The brickwork at (op was streugtliened with a strong 
cast nug as an additional security against the headgear, which waa of 
very great weiiiht, bulging out the edge of the pit. The jxifiitioti of 
the permanent cribs and the mode of supporting thom, together vritfa 
the mode in which the brick interior uf the abaft was pemunently 
fiiiiehed would be seen by reference to Plate XLVII. There were 
no pumps required as the pit vaa perfectly diy. The No. 2 Pit, which 
was sunk by contract, cost £4 a fathom less than No. I, and took SO 
per cent, less time and fewer men to sink. When they ouno to brohcn 
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ground they lowered the scaflPold and drove the iron plugs in as shown 
at A, Plate XLVII., and they let the ring rest there till they got through 
the worked-out seam ; they then put another ring on the thill and pro- 
ceeded. Some difficulty was experienced whilst doing this, from the 
stone and coal falling, but by going slower and using increased care all 
accident was avoided. They were much troubled with gas in passing 
through these goafe, and obliged to use safety-lamps, which somewhat 
retarded the work ; and they got upwards of 10,000 tons of coal out 
of No. 1 Shaft while the men were sinking No. 2. Natural ventilation 
alone was required. 

Mr. William Cochhane said he had great pleasure in proposing a vote 
of thanks to Mr. Hall for his valuable paper, and to Mr. Grundy for his 
kindness in attending the meeting to explain the details ; Mr. T. J. Bewick 
having seconded the motion, it was unanimously carried. 



After the meeting was over Mr. D. P. Morison exhibited and explained 
a new form of Indicator, in which a curved hollow tube was substituted 
for the ordinary cylinder, and the pressure indicated in the same way as 
with a Bourdon gauge. 



APPENDIX. 



BAROMETER AND TUERMOMETER READINGS 

FOR 1870. 



By the 8RCKETAUY. 



These readings have been obtained ft-om the observatories of Kew and 
Glasgow, and will give a very fair idea of the variations of temperature 
and atmospheric pressure in the intervening country, in which most of 
the mining operations in this country are carried on. 

The Kew barometer is 34 feet, and the Glasgow barometer 180 feet 
above the sea level. The latter readings have been reduced to 32 feet 
above the sea level, by the addition of '150 of an inch to each reading, 
and both readings are reduced to 32 degrees Fahrenheit. 

The fatal accidents have been obtained from the Inspectors' reports, 
and are printed across the lines, showing the various readings. The 
name of the colliery at which the explosion took place is given first, then 
the number of deaths, followed by the district in which it happened. 

At the request of the Oouncil the exact readings at both Kew and 
Glasgow have been published in figures. 
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explosions, 36. — Various uses of steam 
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sons killed or injured by railway acci- 
dents, 39, 40.— Discussed, Mr. E. B. Mar- 
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Boiler accidents and their prevention, 
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